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ABSTRACT

s The calculation of non-lifting potential flow about arbitrary three
dimensional bodies is examined in detail with specific-interest in the XYZ
Potential Flow program developed by the David W. Taylor Naval Ship

Research and Development Center. The program uses a surface singularity
distribution to solve the Neumann boundary value problem by means of a
source panel method assuming a flat element with a constant source
density over the area of the element. Boundary conditions are applied at
control points on the elements producing a system of linear equations for
the source density. When the source density is known, velocities and

" pressure coefficients may be calculated.

The main purpose of this paper is to present the details of the
i approximation of an arbitrary three dimensional body using quadrilateral
elements, and to provide a detailed derivation of the exact source panel
integrations in order to gain insight for future research at Texas A&M
. University. A variation of the Hess method of surface discretization
| using quadrilateral sourcepanels is described in detail as it is used in the
XYZ Potential Flow program. The exact sourcepanel integrations are

b derived in detail.

A general discussion of other aspects of the program is included.

Velocities and pressure coefficients for flow about a triaxial ellipsoid
are calculated using the XYZ Potential Flow Program solution, and the
results are compared with the analytical solution and the Hess Program

solution.
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This paper examines two aspects of the development of the XYZ
Potential Flow Program (hereafter referred to as the XYZPF Program), a
FORTRAN program which uses a source panel method to approximate
solutions to steady potential flow probiems about arbitrary three
dimensional bodies. The aspects examined in detail are (1) the
description of the details of the approximation of an arbitrary
three-dimensional body using quadrilateral elements, and (2) a detailed

derivation of the exact source pane! integrations.

The XYZPF Program was developed specifically for applications in
numerical ship modelling and hydrodynamics studies at the David W.
Taylor Naval Ship Research and Development Center (NSRDC) in Bethesda,
Maryland. The format of the program is based on the work of Hess and
Smith (1962) in the numerical calculation of non-lifting potential flow.
A similar program is maintained by the Aerodynamics Division of the
McDonnell-Douglas Corporation, referred to in this paper as the “Hess
program.” The XYZPF Program is a modification of what has come to be
known generally as the Hess Method. The most significant modifications
are improvements to the method of solving the matrix equation for the
source density, and greater flexibility in the input options (Dawson and
Dean 1972).

Though potential fiow is a product of mathematics, and is never
found in a real fluid, the results of potential flow calculations provide

usable information for flow regions external to a thin boundary layer,




{2

with little or no boundary layer separation. For such flow fields, the
region outside the boundary layer may be considered to be ef fectively
inviscid, and may be closely approximated by potential flow models.

Small viscous effects canbe accounted for by “thickening” the body by the
appropriate displacement thickness. Displacement thickness accounts for
the region of retarded fluid flow in the boundary layer inversely
proportional to the square of the free stream velocity. Downstream of
the point of boundary layer separation, the potential flow model no

longer applies.

Prior to the development of numerical methcds, analytical
solutions were generally restricted to simple analytical shapes (Kellogg
1929). The need to solve boundary value problems for arbitrary
boundaries in continuum mechanics has fostered the development of
numerical approximations to the integral equation expressions. While
the integration methods have been well known for quite some time, only
since the advent of high speed computers have many of the problems
been practical to solve by numerical methods. Amongthe numerical
methods being used are finite differences, finite elements, and the

boundary element method.

*Finite differences” and "finite elements” are numerical methods
which satisfy the boundary conditions, and then approximate the
solution to the governing equation in the fluid domain. These methods

discretize the domain into a network of elements or cells.




. Another approach is what is now known as the “Boundary Element

Method,” in which the governing equation is exactly satisfied in the

| ﬂ domain, and the boundary conditions are applied through a boundary
: discretization method. The boundary value problem is reformulated as a
;'C: boundary integral equation which is then discretized by subdividing the
" boundary into a finite number of surface elements. Eachelement is

represented by an analytical function, and the source density function is
integrated over the surface of each element. Two factors governing the
accuracyof the boundary element method are the boundary discretization
method and the source panel integration. These two factors are examined

in detail in this report, as a detailed derivation of the exact source pane!

- integration, including the development of the source pane! geometry, has

not previously appeared in literature.

; . The difference between the domain methods and the boundary
methods is significant. The domain methods discretize the domain, while
the boundary methods discretize the boundary. Thus, the boundary method

_ . reduces the dimension of the problem by one, as depicted in figure (1). In
the application of the XYZPF Program, the problem is reduced from a
three-dimensional problem in the domain to a two-dimensional problem

- onthe boundaries. This method is well suited to problems in which the

' limits of the domain are infinite or difficult to define, in that the

L problem is applied to the boundary rather than the domain.
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BOUNDARY ELEMENT DISCRETIZATION

Figure 1. Discretization Methods

Just as there are many variations of domain methods, there are
also a variety of boundary methods. In general, they canbe classified as
“indirect” or "direct” formulations. The “indirect” method assumes a
continuous source distribution over the surface of the body, and a
solution which satisfies both the governing equation in the domain, and
the boundary conditions on the body surface. The result is an integral
equation on the boundary which has the surface source density function as
its unknown. By enforcing the boundary conditions at control points on
the surface, a system of equations is produced by which the source

density may be determined.

The “direct” method solves the velocity potential iunction through
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an application of Green's Second Identity requiring the solution of a
source distribution and a dipole distribution onthe boundary. The direct
method has more physical significance to the general boundary value
problem, and more versatility in its application as it canbe applied to
Neumann problems, Dirichlet problems, or mixed boundary vaiue problems
(Brebbia 1984).

The simplicity and accuracyof the indirect method has made it
attractive for many applications The source panel method is an
application of the indirect formulation of the boundary element method
to the Neumann type of potential fiow problem, for which the normal

derivative of the potential function is prescribed on the boundary.

1.1 OBJECTIVES

The purpose of this paper is (1) to describe the details of the
approximation of an arbitrary three-dimensional body using quadrilaterat
elements, and (2) to provide a detailed derivation of the exact source
panel integrations for use in future investigations at Texas A&M
University using panels of higher order geometries and source density
functions. This paper is not intended to be a user’s manual, though a
general discussion of other aspects of the program is also included.
NSRDC Report 3892 (Dawson and Dean 1972) is a summary of the XYZPF

Program for those strictly interested in its use.
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2.0 HISTORICAL DEVELOPMENT

The foundations of the boundary element method were laid early in
this century beginning with Fredholm in 1903 when he established the
existence of solutions to the Neumann problem through a reconstruction
of the problem using a discretized boundary (Kellogg 1929). The solution
was determined to be the potential of a simple source distribution ona
boundary with a continuous normal derivative for an infinite domain.
Later works by Kellogg (1929) in potential theory demonstrated the
application of the boundary integral equation method in electrostatics,
heat transfer, flow in porous media, and fluid flow problems, but
development was limited by the difficulty of obtaining analytical
solutions. No significant advances were made until interest in boundary
integral equation methods was revitalized with the advent of high speed
electronic computers. Investigators were then able to discretize the
boundaries and solve the integral equations numerically. This method of
solution became known as the boundary element method. Early
development of such numerical methods was pioneered by Hess and Smith
(1962) and Jaswon and Symm (1963). Hess and Smith dealt primarily with
the indirect formulation eventually leading to a solution for the three
dimensional problem as described in this paper. In a paraliel work,
Jaswon and Symm developed a direct formulation approachto the two
dimensional problem. The XYZPF Program is based primarily onthe work

of Hess and Smith. Hess has since developed a higher order panel method

(Hess 1979) and Lefebvre modified the XYZPF Program for calculating

velocity potentials for five degrees of freedom (Lefebvre 1982).




. 3.0 THEORETICAL DEVELOPMENT 2

' n 3.1 THE POTENTIAL FLOW PROBLEM IN THREE DIMENSIONS ::'
: .
3 The governing equation for ideal (incompressible, inviscid, '

' - irrotational) flow is Laplace’s equation: o
V2 =0 (1) S

..‘_:\'

where ¢ is the velocity potential, and V2 is the Laplacian operator. The b

- XYZPF Program deals with steady, uniform flow of an ideal fluid about an -
" - arbitrary three dimensional body. The velocity components at any point it
2 within the flow field may be obtained from the negative gradient of the ;1:;_':

-. ’HP:
velocity potential, i. e. R

S
v,

v = -v¢ = -9¢; _ _ai_] L (2)
e 3x ay 0z o
"
D The freestream flow V,, is defined as a uriform stream of unit N
. 23
- magnitude. S
F IA -
L _ r 2 A ) _ . .:::‘
| Vo | = I VE v Vet Ve T (3) i
7
A .
-, The key to the boundary element method is the Divergence Theorem
) (Green’s Theorem) which relates a volume integral to an equivalent S
surface integral reducing the three-dimensional problem to a
‘o, 7
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two-dimensional one. The expression for Green's second identity is
(Lamb 1924):

JJ](tbvzw -wV)d = ﬂ'( W%% - ¢ %—;ﬁ ) dr (4)

in which Q represents the integration over the three dimensional domain,
and I’ represents integration over the two dimensional boundary. The
partial derivatives are taken with respect to the outward normal, n. The
weighting function, w, is usually chosento be the fundamental solution
for three dimensions, w = 1/(47r), where r is the distance from the

source to an arbitrary point on the boundary.

Figure 2. Potential Flow in Three Dimensions

Consider an arbitrary three-dimensional body with surfaceT,
having an equation of the form F(x, y, z) = 0 where x, y, z are Cartesian
coordinates of the global reference system as shown in Figure (2). The
unit outward normal, n, at any point on the surface is given by the

gradient of the function describing the surface divided by the magnitude
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of the gradient, i.e.

o +VF
. n = (3)
- " | vF |
;‘:; where the sign of the unit normal vector is chosento ensure that the ;
- - RN
vector is an outward normal. The potential function ¢ describing the N
!
a flow field must meet the following boundary conditions: o4
a. V% =0 (Laptace’s Equation) (6) L
. b. For an impermeable boundary, the velocity normal to the surface
A must be zerorelative to the boundary (the Neumann boundary e
3 condition):
: i (2L - :
. on ' ) o
; 5
< ol
: N c. The velocity potential approachesthe freestream velocity CE
L potential as the distance from the body goes to infinity: o
- 3
8
¢ + ¢, a5 |r|—+ e (@) g
| N
- The total potential at any point in the domain is composedof the
- freestream potential and the disturbance potential due to the body, -
: b =9, 9 (9) N
l.- LS
. 9
§
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...............................................
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The disturbance potential, ¢, satisfies the following boundary =

conditions: .;-.; ,
a. V¢ = 0 (10) Y

b. From equation (7), the velocity normal to the boundary due to '~f$‘
the disturbance and due to the onset flow must be of equal

magnitude, but opposite sign. Then from equation (9)
a(p ) _ ) ~ ,':
=) = n(p . ¥ 1 el

(an IRLIOR S (11) e

Note that the normal vector is a function of position on the surface

of the body 5

c. The disturbance potential approacheszeroas the distance from o

the body goes to infinity, i. e
p =+ 0 3z |r|— e (12)
3.2 MATHEMATICAL MODEL

The disturbance potential of the body may be represented by a

distribution of a source density function ¢ over the body surface. The

potential at an arbitrary point P(x, y, z) due to the surface potential is

(Kellogg 1929):




- a(g)

9 P62 H g & (13)
=5

E wher. q is the integration point onthe surface, and

MR = [(x - %)% + (4= uo)? + (z - 2012

1

is the distance from the field point P to the integration point q.

The source density distribution function must satisfy the boundary
conditions for the disturbance potential. Boundary conditions (10) and
(12) are automatically satisfied by the form of the integrand. However,
equation (11), the velocity normal to the boundary, combined with the
Neumann boundary condition, equation (7), is the key to solving the

boundary integral probiem.

The integrand becomes singular as the surface of the body is

approached, i. e. |r| goes to zero. The singularity represents the loca!
fluid flux normal to the boundary due to the local sourcedensity. The E;:::-_:
principal value of the singularity is -21ra(p), determined through a :
limiting process of the Gauss Flux Theorem (Kellogg 1929). The point p =
represents a field point which lies on the boundary. The integral
expression is now composedof the contribution of the local source
density and the contribution of the source density function over the
remainder of the body surface. Solving for the velocity norma! to the

surface yields the following expression:




R

" 4 _'.

.

A . (2 |sfa) 14
3, - e ff7 [rm,q) T e

From equation (11), this expression becomes:

2m5(p) — ﬂg’ﬁ[%] o =-nip) -V, (15)

This equation is a two dimensional Fredholm integral equation of the
secondkind, which ensures a unique solution, and that the diagonal
elements of the system matrix will be dominant, eachhaving a value of
21 (Kellogg 1929). Onceequation (15) has been solved for the source
density o, the velocity components at any point of the flow field may be
obtained by differentiating the disturbance potential function (13) with

respect to the coordinate directions and adding the components of the

freestream flow, V.

Sy 09 B9, 39 i

The body shape does not have to be siender, akisymmetric, or
simply connected, allowing for analysis of interior flow and a wide range
of applications of the method. The only restriction imposed on the form
of the body is that it must have a continuous normal vector.
Discontinuities in the right hand side of equation (15) will produce
unwanted singularities. Thus, in the process of approximating a body
which has distinct corners, where there is clearly a discontinuity in the

normal vector, the corner must be replaced by a surface with some finite

12




o~ curvature. However, application of this method has shown that the fiow

- calculations give correctresuits for convex corners, while unrounded

n concavecornersmay or may not produce significant error, depending on
the angle producedby the corner (Hess and Smith 1962).
3
- Because of the method of approximation, the calculation of flow
! velocities onthe body surface are restricted to the points at which the

boundary conditions were applied. Velocities at points other than those
must be obtained by interpolation. Direct calcuiation of velocities at the

edge of an element yieids infinite velocities.

Y Y X =
. -
£

With the solution of the system of linear equations for the source

densities, the flow velocities at any point in the domain may be obtained

from equation (16), and pressure coefficients are then computed from the

u velocities using a form of the Bernoulli equation:
i
, p 1 2 L \
. P(t) = =—— + =1V + 22
. )t 2 AR (1?)
where P(t) is a constant independent of position. In the XYZPF Program,
the flow is steady. Therefore, equation (17) canbe reduced to
-
po+ '? plv |2 = constant (18)
- and the pressure field canbe expressed in terms of a dimensionless
- pressure coefficient C as:
2 v |
A p-0Dp )
I C, = —2= = |- | ‘2 (19)
] <
2 ’0‘ Veo I VOOI
& 13
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J
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p -\"‘ D
' where p,, is the static pressure at infinity. e
R,

3.3 NUMERICAL MODEL :S_;‘.

In order to represent the surface of a body in the domain

mathematically, the body may be described by analytical expressions

VT
..l
T T T T Y T, x
RN Pl
waee e Ayl
Y p %" y

which may provide an exact representation of the surface. However, the
types of bodies which canbe adequately described by such methods are P

severely limited. Another way to represent the body is to use a large

number of analytical expressions, each describing only a small portion of .u
the body. Hess and Smith (1362) suggested the use of an assembly of flat '3y
quadrilateral elements to model the actual surface of the body, as shown _':;::
in Figure (3). Eachquadrilateral approximates a region of the surface o

described by points which lie onthe actual surface of the body. Asplanar

elements, these quadrilaterals are clearly analytical, and when carefully

Y
constructed, the elements can approximate arbitrary three dimensional .
body surfaces without restriction. o
"
o

N } 2 2

Y =
74\4 / — - x :
A
Figure 3. Approximation of the body by surface elements T;}f’-:
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The XYZPF Program uses the discretization procedure described by
Hess and Smith (1962) with some minor modifications. The three
dimensional body surface may be described using a large number of plane
quadrilateral elements, each assumed to have a constant source density
over the area of eachelement. Regions of the body requiring higher
resolution for sharp curvature or anticipated velocity gradients will

require a higher concentration of elements.

Because the plane quadrilateral elements cannot fit edge to edge on
a rounded surface, small gaps in the panel approximation contribute to the
error of the approximation. However, the error due to the gaps is
negligible when compared with the error of the basic model, that is, using
flat panels to approximate a curvedsurface. Triangular elements have
been suggested in an attempt to eliminate the gaps (Levy 1959), but the
increased accuracyis so small that it may not justify the additional work
of organizing the triangular elements in lieu of the simpler quadrilaterals
(Hess and Smith 1966). The method presented is valid for an polygonal

element with any number oOf sides.

Equation (15) cannow be decomposedinto a summation of
integrals, eachrepresenting the contribution of one element of the body
surface. The unknown source density canbe taken outside the integral,
since it is assumed to be a constant over eachelement. The integration is
performed over the area of the source element, and the boundary
condition equation (11) is then enforcedat a single point p in each

remaining element. By performing this operation at each element of the
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surface, a system of linear equations is generated which is equal in
number to the number of surface elements and the number of unknown
source densities. Equation (15) cannow be approximated by the matrix

equation (Dawson and Dean 1972):

o, = Zoj Cy *+ ¥ (20)
1
where

CU - 21

)
[ I__
H
—
2|
|
L
[y
>

1

It is important to note that the influence coefficients C; j and Cj; are

functions of geometry only, and once computed, need not be recomputed
for analysis of several different flows. From the solution of equation
(20) onthe discretized surface, equatior: (13) may be applied at any point
in the domain. Then, the velocity at an arbitrary field point P(x, y, ) in
the domain may be determined from equation (16). With the velocity

known, the pressure coefficient is determined from equatior (19).
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R The XYZPF Program is actually composedof seven independent

programs, referred to as sections PF1 through PF7, each of which builds

T

on data generated from a previous section. This type of organization

-y
P

allows the user the flexibility of rerunning portions of the program using
different flow parameters without having to go through the time

consuming process of recalculating the influence coefficient matrix,

gy

which is dependent only onthe geometry of the body. While the NSRDC
program is very similar to the Hess program, there are also some
significant differences. The following list of differences is taken from
NSRDC Report 3892 (Dawson and Dean 1972):

(1) The input to XYZ PF is arranged to facilitate the preparation of
input for a series of problems in which only one part of the body is
changed. Also, a number of checks are made onthe input to help detect
errors.

(2) Anoption was added for the recomputation of the source
density and velocities for only part of the body when only smatl changes
are made. This option also provides for the use of the solution of one
problem as an initial quess for the solution of another problem.

(3) Thematrix of influence coefficients is computed column by
column instead of row by row. This column arrangement was used for the
original LARC computer version because it required much less high speed
memory. The computation is also about 10% faster this way than with
the row-by-row arrangement.

(4) Asimultaneous dicplacement iterative scheme is used to solve

17
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the matrix coefficient for the source density. The scheme is slower than

' o
P

the successive displacement (Gauss-Seidel) scheme used in the Hess

program, but it canbe carried out using the matrix column by column

S )

instead of row by row.
(5) when possible, an extrapolation procedure is used to reduce the

number of iterations required for convergence. One such method is the

s |

Richardson extrapolation.

W

The methods used in the XYZPF Program will be discussed in detail

in the following sections.
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5.0 DETAILS OF THE SURFACE APPROXIMATION oy
g’ 5.1 PREPARATIONOF THE INPUT

0 . | | ;
Section PF1 is set up to read and store the input data, and to f
- examine the cornerpoints of the quadrilaterals to detect obvious errors in

the input. Because of the number of points which may have to be entered

for a complex geometry, the user input is a major source of program

error, and this first look for input errors will save lot of run time in the
program as a whole. If Section PF1 detects major errors in the input, the

program will not continue with the calculation of the coefficient matrix,

..
[\
AN
!
|

but will stop and identify the grid location of the error. Minor errors may

*
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not cause the program to stop, but will be noted in the output.

AT

JAA

One of the major advantages to this program is in the organization
of the input data. The surface is input in sections so that small portions :
of the input geometry may be changed without having to recalculated the “
points for the entire surface. The program also takes advantage of
symmetry to minimize the input effort. Only the portion of the body
which has no redundancy needs to be entered point by point. The
remainder of the body is reflected acrossthe planes of symmetry by the

program to complete the surface representation.

The surface is represented by a set of points in three-dimensional
space which lie onthe actual surface, and which will later be used tc
[3 define the plane quadritateral sourceelements. These points are defined .

in the global reference system. The points on the surface should be




selected in such a way as to provide an accurate representation of the

: surface with the fewest number of points possible. Portions of the i;:j;‘s
q‘ surface which are highly curved will require a larger number of points to 5&’2
provide adequate resolution. Additionally, portions of the surface in RO
| \‘ which the flow field is expected to change rapidly will require a large
number of points to accurately determine the flow field in that region. ay

Some familiarity with fluid dynamics will provide a somewhat intuitive \
approachto properly distributing the elements. Elements should change ":

gradually in size from areas of high concentration to those of just a few Cr

large elements, changing no more than S0 percent in size between
adjacent elements (Hess and Smith 1966). The accuracyis only as goodas
that provided by the largest element in a particular area. The use of E;""*
quadrilateral elements facilitates the use of known analytical equations
and body contours to determine the input points.

-
, ' . ,-// _____ *,'

!

! f

1 N4 d e
ORIGIN

Figure 4. The 3D quadrilateral element in global coordinates

For the purposes of this program, the body surface is represented N

by a large number of plane quadrilateral elements as shown in figure (3), E

each of which is assumed to have a constant value of source density over \:

the area of the element. Eachelement is defined by four input points \




ORI AR pae g ahotgf N, Ay L 0 AN gL At

Fa

R

L T . e "

. R L I P T T e e

D AL A T T Y S U A L) N
Smdhih A ek, deazoata o s s

which lie onthe actual surface as shown in figure (4). Since each input
point canbe used as a corner for up to four elements, there is no need to
enter the same point four separate times. The input points are organized
in groups of four to form the quadrilateral element, and each point may
also be associated with adjacent quadrilaterals. This is accomplished
through the use of a two dimensional coordinate system in which the user
assigns a pair of integers, m and n, to each point which identifies the
“row” and the “column” in which it lies. A column of points will be given
a commonvalue of n, and each point in that column will have a unique
value of m correspondingto the row in which the point lies. The
orientation of these "coordinate” integers determines the direction of the
outward normal for each eiement. Looking from the fiow field toward
the section of elements, if the values of m are increasing upward, the
values of n must increase to the right. Increasing m and n canpoint in any
direction with respect to the global reference system. In fact, the
orientation can change from one section to another. However, any other
relationship between m and n will produce an incorrect normal vector.
Onceassigned, the values of m and n also serve to identify the element
for which the correspondingpoint is a corner. The four points which
Torm a quadrilateral element are two points of one column, or n line, with
consecutive m numbers, and two points of the next higher nline with the
same m numbers as the previous two points. Thus, the element m, nis
composedof the points identified by (m, n), (m+1, n), (m, n*1), and (m-1,

n+1).
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. m=95 n=s
- i | »
<2 m= 4 n=g m
o m=3 n=7
m=2
" m=2 n=g
b - ro=1 n=g m=3z
[ n=y n=2 n=3 n=4 m=1m=2 M=3m=4m=5 n=t n=2 n=3
g {: Section ! Section 2 Section 2
i CORRECT CORRECT INCORRECT
L Figure 5. Quadrilateral index numbers
‘ i
F o Each section of the body surface is formed by specifying a set of

corner points correspondingto the m, n pairs for all of the quadrilaterals
of the section. The user will sequentially assign an m number to the
points for eachn line, and also number the n lines for the section points
entered. The first point in eachn line will always havem =1. The n lines
are also numbered sequentially, but the value of n is not reset for each
new section. The sequence of n numbers runs through all the sections as
shown in figure (5). Points ona particular row or column do not have to
be strictly colinear. By forming nearly triangular elements, a rounded
planform canbe approximated without conflicting with the numbering

convention, as shown in figure (6).
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Figure 6. Approximating a thin region with rounded planform (Hess & Smith 1962)

By entering data in sections, small changes in geometry canbe
performed without having to reenter all the points associated with the
body surface. This feature is unique to the XYZPF Program, and offers a
great deal of flexibility in design work. However, with the added
flexibility comesmore restrictions onboth the input of the origina!
geometry and on any modifications. There are four important
restrictions onthe input which are required to provide quadrilateral
elements in groups of four to facilitate geometry calculations (Dawson
and Dean 1972):

(1) There must be an even number of elements in both the m and n

directions in each section of the body.

(2) The commoncorner point of a group of four elements must not
coincide with any other corner point. The sides between the elements
serve to define the local coordinate system, and serve as the axis of

rotation when the surface is flattened for numerical differentiation of

23
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- the velocity potential.

oty

(3) Eachset of four elements must have at least seven distinct

corner points to allow the elements to more closely conformto a curved

O _ o

surface. This also allows for convergenceof N-lines or M-lines as may

occur, for example, at the leading edge of an ellipsoid. Thus, only two of

bt o o
K |

the four quadrilateral may degenerate into triangles by having two of

their corner points coincide. This does not necessarily eliminate the

i aae o ang

possibility of more than two “triangular” elements since the adjacent

sides of a quadrilateral may be colinear as shown in figure (6).

(4) The normal vectors between two adjacent quadrilaterals in a

T T
T e v ' .
IR * ’ .

group of four must be less than 90 degrees and preferably less than 45

degrees. If asharp edge is required, it should be a concavecorner with
respect to the flow field, and the input should be arranged so that the
edge is along an outside boundary of the groups of four, and not through

the center.

when making small changes to the original geometry, the number of
elements used in a new section must be the same as the number used in
the original section uniess the part being changed is at the end of the
input data. Section configurations may be selected by natural divisions,
as a matter of convenienceto more easily handie large numbers of points,

or as a tool to take advantage of symmetry.

In setting up input data to use planes of symmetry, it is important

to note that the XYZPF Program has certain restrictions onthe choiceof

24




symmetry planes. The user oniy has the option to select the number of
symmetry planes. The planes which will be used as symmetry planes are
preselected by the program to optimize the calculation procedure.
Therefore, knowing this, the preparation of input data must consider the

following restrictions imposed by the program (Dean and Dawson 1872).

If only oneplane of symmetry is used, the plane of symmetry is the
y = 0 plane of the global coordinate system. Assuch, ail the y
coordinates of the input points must be of the same sign, i. e., all
positive or all negative. If the body is closedand intersects the piane of
symmetry, the points touching the plane, i. e., correspondingto y = 0,

must also be entered with the input points.

If two planes of symmetry are used, the planes of symmetry are the
y = 0 plane and the z = O plane in the global coordinate system. Again, the
y coordinates of all input points must have the same sign, positive or
negative, and the z coordinates of all points must be of the same sign,
positive or negative without regard to the sign of y. If the body surface
intersects one or both of the planes of symmetry, the points which lie in
the plane, I. e., those correspondingto y = 0 or z = 0, must also be entered

with the input points.

If three planes of symmetry are used, clearly the planes are the
reference planes of the global coordinate system. Aswith the previous
cases, all the x coordinates of the input points must be of the same sign,
and similarly for the v and z coordinates. I any part of the body

intersects any of the planes of symmetry, the points which lie in that

25
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plane, i. e, x =0,y =0o0rz=0, must also be entered with the input

..
N

points.

9.2 SOURCE PANEL GEOMETRY

Figure 7. The outer normal to the quadrilateral element

-y
y

Wwith the surface points identified by the location numbers, m and n,
and arranged in accordancewith program requirements, calculation of
. various aspects of the source panel geometry and formation of the plane
quadrilateral element is the next step in the numerical integration
process. Formation of all of the planar elements is identical, so the
n following discussion of source panel geometry will deal with only one
characteristic element. The four corner points forming the basic
quadrilateral are numbered in a clockwise direction from ! to 4 as shown
- in figure (7). It does not matter which corner point is identified with the
number 1 subscript, but the remaining points must be numbered
consecutively in a clockwise direction when observed from the flow field
in order to ensure an outward directed normal vector. These subscripts
will be used to identify the corner points for the remainder of this

discussion. For this example, the points will be identified as follows:
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E Position Numbers Global Coordinates
o m, n X Yy, 2
o m+1, n X2,Y2,2
; R m+l, n+l X3, Y3, 23
| E m, n+! Xa,Ya,24
™
o Inf orming the plane quadrilateral elements, the corner points,
which are generally not coplanar, are used to form the local coordinate

system, relative to the element. Recalling that the crossproduct of two
vectorsyields a vector solution which is perpendicular to both of the
original vectors, the normal to the element may be obtained from the

crossproduct of the diagonals of the element,
N = T24 x Tﬂ (2])

where T3 is the vector from point 1 to point 3, and T4 is the vector

from corner point 2 to point 4. The unit normal is then:

Toax Tz
Ty x Tz

This unit normal now represents the first of the three local
coordinate directions, this onein the { direction. The side of the
quadrilateral from point 2 to point 3 is then used to obtain the second

coordinate vector.

27
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Figure 8. The second local coordinate vector

Nz = n x T23 (23)

and the unit vector

.‘ N

n, = ]Nzl

[\

(24)

Similarly, the third local coordinate vector is obtained from the

' crossproduct of n, and n, the result of which is a unit vector.
< n,z
n21y

Figure 9. The third local coordinate vector
N3 =N, x N (25)

The unit vectorsnsz, Ny, and n form an orthonormal basis and define

the iocal coordinate system for the element in the £, m, and { directions

I 26
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respectively. Other methods of obtaining an orthonormal basis couldbe
used just as well, and would make no difference to the remaining
computations. The origin of the local coordinate system would most
correctlybe located at the "null point,” the point at which the velocity
potential has no contribution to the tangential velocity component on the
sourceelement. The null point is the point in each quadrilateral element
where the normal velocity boundary condition is applied. However, with
the exception of long, thin quadrilaterals, the physical difference between
the null point and the centroid of the quadrilateral is not significant. The
XYZPF Program will print a warning in the output when a quadrilatera! is
long and thin enough to jeopardize the accuracyof the approximation in
that region. By locating the origin of the local coordinate system at the
centroid, rather than at the null point, the difficult process of locating
the null point for each element canbe eliminated, later calculations of
the multipole expansion canbe simplified, and the boundary conditions
canbe applied at the centroid without contributing significant error to
the approximation (Hess and Smith 1966). Therefore, the origin for each
local coordinate system is located at the centroid for the respective

eiement.
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9.3 LOCATING THE CENTROID

Figure 10. Locating the centroid of the quadrilateral

The centroid of the element may be calculated by first dividing the
area of the quadrilateral into two triangular areas, the triangles being
separated by the line from point 2 to point 4. The area A, of the triangle

defined by corner points 2, 3, and 4 is

Toe x Toz (26)

is

In the global coordinate system, the X component of the centroid is

given by
o L A Az (28
.. A} + ff"c;_’

where X, and X, are the averages of the X components of the corner

points of each triangle. Substituting the vaiues for X, and X,:
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1 " . .
-;—A1(X2+X3+X4) + §f’:’~2&><.1 + X+ %a)

b
"

Ay o+ Az

o L [CA AR ¢ (At e Aa)ng @ iy Ao, }
] Ay o+ A
-
1 A \<7 +A'<‘,$< By
S 4 Ky + Xg + L £0! (23)
L Ay o+ As
Similarly
_ e 4 Ao Y
o= % }' Yoo o+ Ny o+ Ay * A2V ] ey
L by o+ A2
= - - Ailz + Aol .
L= g | Iz o+ zg 4 208 1020 (31)
Ay o+ Az

9.4 COORDINATE TRANSFORMATION

Now that the tocal coordinate system is formed and properly
located at the centroid of the element, the global coordinates of the
corner points (X, ¥, Z) are transformed to local coordinates (£, 7, )
through the components of the reference vectors of the local coordinate

system as follows:

o &
nz n;u n?: Ny ‘1 r%
Nz, Ny Ny Y = ! il (32)
nY nU nZ | : - f J’ L L: _Jl
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The corner points are projected into the plane of the quadrilateral
element by setting the ¢ componentsto zero. The original diagonal
vectors, T3 and T4, Will be onopposite sides of the resulting plane. The
plane quadrilateral element is now completely defined. The program will

sweep through all of the input elements using the assigned location

numbers, and repeat this processfor each element.

2
!
1'@

1
| !
/‘ |

Figure 11. Forming the plane quadrilateral element

9.5 MOMENTS OF INERTIA

The calculation of the moments of inertia for eachelement are
performed for use in the computation of the velocity coefficients using
the quadrupole method. Any calculus text will give the moments of

inertia of a planar section with a constant unit density about the origin
to be:

I, = g £ d¢ dr

A

A
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For the trianqular region defined by the corner points 2, 3, and 4,

o 17 [(8,+ 8302+ (83484024 (84+8;)%] (36)

r's

—
}

A
w'Té'[("12’"13)2*(’7’[3*”"14)2*(’1’14*"’[2)2] (37)

A
Ly = 77 W&+ &) me s Mgd+ (&34 L M3+ Me ) (36)

+( 84+ & M Ma*r 2]

Similar equations canbe generated for the triangular region defined by
the corner points 1, 2, and 4. The moment of inertia for the entire
quadrilateral is the sum of the correspondingexpressions for each of the

triangles. The resulting equations are:

X

A
1x..=—1'§[(£g+83}2+(83+84)2+(£4*82}2] (39)

2)2+(i2*54)2+(54+£1 )2]

A 2 2 3
Ly = 77 [z e lmgemg e lmgrme )2l (40)
A

[Cm, +mp e (m, ¢ M2 (m,+ 7y )2

8+ &g Mmootz )+( 83+ &) Ma+ Ma) (41)
s 8+ £ Mg+ 2]
A
+ -ijz—[(sj*£2)(1'l1*1"l2:l +(82*€:4:‘(‘T\2“"ﬂ4)

(&g + & myt )]
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6.0 THE MATRIX OF INFLUENCE COEFFICIENTS

with the quadrilaterals completely formed, the next step is to
calculate the velocities induced by the elements at the centroids of all
the other elements. The total number of elements forming the surface
will be represented by N. Let the sourceelement be the (j)th element, and
the element for which the velocity components are to be calculated at the
centroid is the (i)th element. It does not matter how the (i)th elements
are arranged in relation to each other as the sequence progresses.
However, the sequence must be consistent as the calculations proceed
from one source element to another. This program sweeps through the
(i)th elements in the order of their location numbers, m and n. For each
consecutive n line, the elements are swept in order of increasing m

numbers.

The result of the induced velocity calculations for the elements
with unit source densities is an N by N square matrix of the values of
induced velocities at each element, known also as the "matrix of
influence coefficients.” The XYZ potential flow program calculates the
coefficients column by column, while the Hess program calculates them
row by row. The advantage of one over the other depends on the method
of later solving the matrix for the source densities. In calculating the
influence coefficients, twenty-five quantities which describe the
geometry of the sourceelement are required to adequately calculate the
induced velocity at the centroid of the (i)th element. These quantities
include the coordinates of the centroid in the giobal coordinate system,

the elements of the coordinate transformation matrix, the local
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' coordinates of the corner points, the maximum diagonal, the area, and the

B secondmoments of the quadrilateral element. Additionally, the Hess
i n program uses the coordinates of the null point, making a total of

7 twenty-eight quantities for that method (Hess and Smith 1962).

When calculating row by row, the first (i)th element is selected,
containing the “null® point, and the influence coefficients are computed
for all of the (j)th eiements in sequence before proceeding to the (i+Nth
element. This procedurerequires the twenty-five quantities for each
(Pth element to be available for calculation of the influence coefficient.
Because each of the N (j)th elements is used N times with this procedure,
calculating the geometric quantities or retrieving the values from low
speed memory would be very time consuming, since the calculations or
memory access would need to be performed N2 times. Therefore, it is

more practical to have the values available in high speed memory,

although large matrices may exceed the storage capacity of high speed
memory, imposing a limit onthe number of elements which canbe used.

The advantage to the row-by-row calculation is that solution of the

resulting matrix by the Gauss-Seidel reduction method does not require ji'-_:'.-

transposing the matrix, which would be another time consuming process
(Hess and Smith 1862).

Another alternative is calculation of the influence coefficients
column by column. This method calculates the influence coefficients by
sweeping all the (i)th elements for each (j)th element before proceeding
to the (j*+)th element. Therefore, the twenty-five geometric quantities

are retrieved from low speed storage only once for each (j)th element,




E for a total of N times. This procedure is not limited by the capacity of
’ high speed memory, and calculation of the coefficient matrix is
s‘ approximately 10% faster than the row-by-row method (Dawson and Dean
) 1972). This is the calculation method used by the XYZ Potential Flow g
o Program. :’
= 2
Aninfluence coefficient represents the combined effects onone t
element of the velocity potentials of all the other elements comprising *

the body surface. For the quadrilateral element with a unit source density
in the xy-plane, from equation (13), the potential at point P (x, y, z) due

to the element is

, 1 dé d
‘P:ﬁ;-r—d#\=ﬁ' —— = (42)
ﬁx-i)‘+(g-'r|}‘+z

A A

The integrand, 1/r, canbe expanded in a series about the origin in

powers of £ and 1. Eachterm of the series will contain the product of

some powers of £ and 1} with a correspondingderivative of 1/ry, where ry

is the distance of the field point P from the quadrilateral origin.

and let ]
1 e
Y =
r0 o
-..“
3
Then the series expansion through the second order term is (Hess and t"‘.
- 3
Smith 1962): s
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P = AW - (Mewy + Mywy ) + 120 gy Wyy + 21y Wy ¢ lygWyy) * - (43)

The subscripts, ¥ and y, used with w represent the respective partial
derivatives. This series represents the muitipole expansion of the
velocity potential, since each term canbe interpreted as a point
singularity of aparticular order. The first term is the potential at point

P due to a point source of strength A located at the origin. The second

term is the sum of two dipoles of strengths My and MU located at the

origin, oriented along the x and y axis respectively. The choiceof the

centroid of the quadrilateral as the origin of the local coordinate system

causes the first moments, “x and Mg, to be zero. Therefore, the dipole

terms dissappear, and are not dealt with anywhere in the program. The

third term is the sum of three quadrupoles of strengths [xx- 'xg' and [gg

located at the origin. Kellogg (1929) shows that this second order
approximation is absolutely and uniformly convergent, and Hess and Smith
(1962) show that convergenceis rapid enough with an increase in rq that
certain further approximations may be made without significant error at

large distances rg from the source quadrilateral.

Hess and Smith (1962) presented a comparisonof velocities
calculated using the exact formulas, a simple point source, and a second
order approximation. The comparisons were based on the ratio of the
distance rp, between the centroid of the source quadrilateral and the field
point P, to the length of the maximum dimension t, of the source
quadrilateral, typically the maximum diagonal. The non-dimensional ratio

is then rg/t. The resuits show that sufficient accuracyis maintained

)
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while using a simple point source at ratios of (rg/t) 2 4, using the second
order source and quadrupole solution for the range 2.45 < (rq/t) < 4, and
using the exact solution for ratios of (rp/t) < 2.45. In any case, the error
goes to infinity as the field point approaches the edge of the quadrilateral
where calculations indicate an infinite velocity. The XYZ Potential Fiow
Program uses a monopolesource for (rg/t) > 4, the source - quadrupole
formulae for 2 < (ry/t) < 4, and the exact formulae for (rg/t) < 2. Hess
and Smith (1962) reported a maximum error of 0.001 in approximating any

velocity component using the above criteria.
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. 7.0 DERIVATION OF THE EXACT SOURCE PANEL INTEGRATION
i From equations (2) and (42), the components of the velocity at the
b field point P(x, y. 2) due to the source quadrilateral are:
H i Vo= - ﬂ - 5 (x - &) Uad'ﬂ (44)
- Ya T Ox - ' r3 .
fy
V, = — _??.\g - ﬁ; (U'T[\ d¢ dn (45)
’ oy r3
Y
t AP > d2dm
A2 B
A

Equations (44), (45) and (46) are evaluated by expressing each of
the integrals as the sum of four terms, each term representing the effect
of one side of the quadrilateral (Hess and Smith 1962). This method can
also be generalized for polygonal elements with any number of sides. The

potential function for each side of the quadrilateral is the combined

potentials of semi-infinite strips whose boundaries are the side of the
quadrilateral and two semi-infinite lines parallel to either the x ory
axis. Wwhen observed from the domain, and the sides are traversed in a

clockwise direction, the sourcestrip onthe right will have a source

» :.

\

h.

P

3 )

b -
i o

p

4 .

p

o

b

d

density of o = +1/2 and the sourcestrip onthe left will have a source

density of g = -1/2 as shownin figure (12). When the sides are

" recombined to form the quadrilateral, the source densities outside the

quadrilateral cancel each other, and the source densities within the

quadrilateral combine to form a source density of 0 = +1. This will be

.................................................
...............
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] true for a planar element with any number of sides and in any reiative
b : i .
- orientation within the plane.
b
N SR L :
g=-= ! t __ 1 ' .
S R
, . . . C . 0=+ .
f ,.2 1 ] 3: ] ] '
: /'./ : : : [ : ! :\\ :
? ./ 1 2| : ] : : \_\_- 1
- R \ CA T~ i
. : ' ' [ ] [l [ \""-u.\_ '
Lo ' ' s 1 ' 1 -
R N : ' ' ' [ ﬁ.14 [} .4
- e P ULI, e ! ;
, A S - o=-%

Figure 12. Fundamental potential functions for sides of a quadrilateral (Hess & Smith 1962)

7.1 THE Y VELOCITY COMPONENT

From equation (45), the velocity component VU is found by summing

the four terms representing the contributions of the sides of the
quadrilateral. For the side from point (£;, m;) to point (£, m2), the
contribution is espressed as the integral over the area of the
semi-infinite strips with the source densities of g = +1/2 and ¢ = -1/2

rather than the unit source density of equation (45).

: E, - Tya

-~ \)Jg o= J < oz [.l. ll"- -‘_J . ] (l:l B Tl)d'ﬂ_ (47

) ie };’ i t. z 7-00 Z N2 rs

vy, ® LIEQ a2 [ 'T”a-JN} (y - am

i 20 20y 7 e Jup iRy - P 8%
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Integrating with respect to m:

B2 !
v = —1— dé:
Y12 2j§| {[(x_5)9+(g—n)2+22]lfé Mz

1 1
[(x - £)2e(y - T)? + 22 1% Lo [(x - 2)%+(y- 1%+ 2212

[}

The terms evaluated at m = +o0 and T = -o cancel, and the terms evaluated

at M = M, add to obtain the following expression:

, (5 2d&
v 2 = 7J, ¢ S ¢ B ‘Jl
Uiz < E] [ (% - ‘:)2 + U\-_’ - ,].UQ + 22 }"é
v . te gg ,
= | = (48)
Sl

Equation (48) is changed to a function of arclength s by the relation

5.2 '54

a
Frw

LN 3 o

= ~ Z = ~— (49)
'\((52'31)‘*('“2"'11) dy2

d

where dy, is the length of the side of the quadrilateral from (&, my) to

(£2. M) as shown in figure (13).
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Figure 13. The potential due to a finite line source (Hess & Smith 1962)

Substituting equation (49) into equation (48)

dig

82 - & as
BN o
12 0

From figure (13), it canbe seen that, in terms of arclength s, the distance

r from point P to any point on the line from point 1 to point 2 is given by

- Pz A T2 4 (sym8)”
p -
- Substituting into equation (S0) yields N
i M \w
S , ga_ 8y (% ds -
:. " \'Ulz = __.C.__.. = =
. iz Jo 12+ (50 - 512 :
£2- & J" ds
) = = (51
dr2 o A 12+ (5812 o
o
e
N
T
o
LA
":h.'
ot
..
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: Evaluating the integral

. &2- & die
y Ve = —g— log[(S-Sz)mrf? +(s-851)2 ]
&2 & o _
= S {os [ s0 77 o |
-
: ' —log[(*31)*,|f2+(_sﬂ2] }
4
_ &2 - & (]n c ey —1nnf e\']
’ = —§, esinz S2) —108(r -S43y
3
. _ -4 Jog ('tz‘ s2) (52)
h = dy2 (ry-sq¢)
5 The quantities ry, rp, Sy, and s, used in equation (52) are as shown in
figure (13). Equation (52) is singular when ry = s,, which occurswhen the

field point P is located anywhere along the line defined by the side of the
quadrilateral. This singularity may be removedby using the law of

cosines (Hess and Smith 1962).

#‘[ b

Figure 14. The law of cosines
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From equation (52)

Eo &y loc r, (1 -cos §;)

k4

Vy,e =

where B, and B, are the interior angles shown in figure (13). Applying the

law of cosines to figure (13)

2 2 2 -
re+d -2 (54)
cos §y = 2 d
<z
5 52 : 2 Z
re=+dpzs - |4 rn" - di;” - r’2‘ (553
cos Po = 2,01 i Zra0i |

From equations (54) and (55):

_2 Z 2
—_—

r
r:‘ 1 - - ]
Fzit - cos $;) £l
) r

oy pa 2 2
't;'rzdw - r‘,‘ + dpg + 1 J

s
_ ‘ L ..f‘;_-lj['_
2ndp-rd - e
p U2 | °
" =
<1 iz
- .2 2 . - 2 2
;"l':__.lj‘z— TIh +|j;2‘ +f22 K_!z.‘. dlz) - I“|
Zrdg-rd-ag ere oGt ry
[irz+ Giz) + Mg+ dz) -0l Fp+lasdin 5
= = = = e

[Fp+(r - di)) [rp-(r-d)l  Ti+le-de
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Substituting equation (56) into equation (S3) yields the final form of the

exact equation of the y component of the velocity induced by the side of

the quadrilateral frompoint 1 to point 2:

é"_z’f? Uv v To s o

1 v & o 1 S !-‘;

Yy = log (
dy2 Fi+fz-dyiz

m.
-~
—

Equation (57) is applied to the remaining sides of the quadrilateral
simply by substituting the appropriate point numbers for the corner
points of eachside. The total contribution of the quadrilateral to the y
component of the velocity is the sum of the four terms representing the
contributions of each of the sides. The y component of the velocity at

the field point P is now given by:

\ £z - £ Matzadp  &3- 8z 2+ 13 + 0oz
Yy = ]Og + 0g ————
dyz F+la-dp do3 M3+ 13 - Oog

{(5&)
£4- &3 Balysdzy  S1-& ,  Teeli+dy
+ [{s! - — 4 10 ————
dz4 T oFaely - dzy d4 e+ 11 - dg

7.2 THE X VELOCITY COMPONENT

A similar derivation processis used to produce the equation for the x
component of the velocity induced by the side of the quadrilateral from
point 1 to point 2. The semi-infinite source strips are constructed

parallel to the x axis, and the order of integration is reversed.
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The x component of the velocity at the field point P due to the

quadrilateral is given by:

M2 - Ty Nelpedp Mz-Te f2+ 13+ dpz
Vg = ———— 10 . log ———— 2
- dy2 Fi+2-diz d2z Fp+ 73 - dog
o (59)
N4 -T2 +lg +dzg T -Tl4 M4+ 71+ dgy
- + —— 103 = lag
L dz4 M2+ g - dgy 41 fa+ 1 - dgy

7.3 THE Z VELOCITY COMPONENT

N The z component of the velocity at the field point P due to the
- quadrilateral is obtained in a similar fashion, using semi-infinite source
strips, this time parallel to the y axis. From equation (46), the

fundamiental velocity potential of the semi infinite sourcestrips is

] I integrated in a manner similar to that used to obtain equation (47), and
- the z component of the velocity due to the side from (&, M) to (£, M2) is
- given by

cGT(

EE' }' 1 T"IE
"'/7,.-, = J d: —_-J J
Lo : € L)oo Ty, ) e
o Y, | = AI J' 2 J' d .
- {2 Z Ay
. “ T2 [(\—5}‘4»(14-‘1 Szt

ml—-

(&0}

_Performing the integration with respect to 7, the integral
- I e .
! [- 82ty - m)? 2]

.......




= fits the integral form

i —J oF__ :1 ,F ~—— +{(2n-3) —dF——J
S [CZ+ F2Z]" ~ 2C2Z{n-1) {[CZ+ F2}™ [c2+ F2)]
»_. where

” C2=(x-£)2+ 22

F=(y-n)

dF = -dn

n=3/2

Then, from equation (60)

g i T (y-n !
Vi :"‘.-.‘J 68§ 77 I, z Rl
z Uix s 280 - 8+ (y - m)F ezt

,_
o
L}
S
——

(y- 10
[ - &)+ 22][(x - &)F+(y - M)+ 22 1%

N o fy-m) (1)
8 [(?:‘£:)2+22][(X-£)2+(g-n)2+22}}§'

2 _ (y- ) 1o
[(x - &+ 28] (x - &)y - M)+ 28)% |y J

- Again, the terms evaluated at +e0 and - cancel and the terms evaluated at
= T2 3dd to obtain the following expression: ot

%2 (g - Tz ) dé -::‘:\:

S .'\"I; . =7 Z ) o p ; 62 e
£ 2Tt Ia. -2l - P rlg- et 02 A
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Without a convenient substitution with which to integrate equation (62),
the integration is performed directly. Recognizing that along the line
defined by the side of the quadrilateral from (&, my) to (&2, M2). M2 May

be expressed as a function of &:

Tz = Mg &+ b (632)

[

where the s!ope of the side, my, is given by

M =M (6:4)
& - &

Mo =

and by, may be determined knowing that m, =My when & = £,

i

£aT -

by - &1 M (65}

f

r

Iy

>
G2

Substituting equation (63) into equation (62) yields

v oo ,_IQ? {y -Mpd -Dia) g 6
ORI T S T S L TR IR PP R
Define the quantities
Qiz = Y ~ Dy ~ M (67)
u=x-2¢ (68)
Then du = -d¢ (69)
Y = bz - My = MU + Q2 (70)

.........................
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By a change of variable, equation (66) is now expressed as a function of u:

% {mu +92) du

Vz..2 2
Z12 LIX-E [u2+22][u2+(m,2u+q,2)2+22]}§
!

(v

%-%
~2 (m;QU +Q|2) du

= 2 -~ -~ Y Vs 3 2 1»4_,
Ix o luc+2° I[(m|§+UU2+ 2my QU+ Qg+ 251 7
%,

(?2)

which fits the form of

J {Lu + M) du o
(4u+ 2Bu + C)4 (aui + 20U + ¢} L3

where
L=myp M= Q.
A=t a=(mp2+ 1
B=0 b = My

C =22 c=qp? + 22

From Hardy (1944), this integral form may be integrated by the

substitution

pt+w (74)

U= T

where p and v satisfy
apv+b(p+v)+c=0 (75)
Apv+B(p+v)+C=0 (76)

- and are the roots of the equation

(aB - bA)E2 - (cA-aC) & +(bC-¢B)=0 (77)

49




Substituting the appropriate values into equation (75), the roots of the

§ quadratic equation are

It canbe verified that these values satisfy equations (75) and (76).

Substituting equations (78) and (79) into equation (74)

By substitution and a change of variable, equation (72) becomes a function
of the parameter t. After simplification, the integral now fits the form

of

[&))
%)
~—

dt
A - = A ’r
*j (oct? + PLITBEE + 5) "

N

where

K= ~(miPaz9 + 2mip%q;322 + qi°myp?2)
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B = mpz% + my2q;,222
8= q? + mp2qp?2?

§ = m®z% + myp3z2% + 2mp9qi222 + myp2qp? + myp2q222

Equation (82) canbe rationalized by the substitution

t
VT Igte s o

from which it canbe shown that

ve
t2 = T——Vi_u— (84)
5 1/2 o
dat = { (1 _ '\’2"6"3 } gy (US}

Substituting equations (84) and (85) into equation (82) and simplifying

yields the integral in terms of the parameter v:

KJ' (c«:t%&)?m : KJ5+(C.:§'V_'36~7,\,2 (86)
which fits the form
J'ahdr'jﬁx‘a' - 'aLH tar 'tlav— (&7)
where a?=§
b? = (ex8 - BY)
51
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Performing the integration

f dV _ K -9 0(8" 25
kJ3+(m8—85)Ve -m ter [VJ 33 ] o

From equations (80), (83), and the expressions for «, 8, 8, and ¥ from
equation (82), and after a considerable amount of algebraic manipulation

and simplification, equation (88) becomes

K - Y
JBE-goy tan {.,, ot

.72~ Qs U
{ Mz22 - Quz _ (59)
ZJEQ“'UE‘* (m,zu+Q12)E

= - —1—,- tan™

“ L

From equations (63) and (67), equation (89) becomes

i g Mz22- Gsz U
- = tan - —"
et 2«E2+U‘+ T U + LH?.)
| Mz (U2 + 22) - (Y - 1y U o
= - — tan” —— == (90}
R R e
S
L] .'h
)
- ,‘f
Lol
e
N
52
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Finally, applying these results to equation (71)

-t
X 32

(M,2U +Gy2) du
) U2+ 22 Ui+ (mpu+)° ik

‘ Ve 12 ZJ'

X

"‘"E,
XL 5
<

- Mz U2+ 28) - (Y- Ny u |
= =-13h 2 J’u2+(g_ Tl12)2+ 22' J

x-‘a,|

myz((x - 2:1 )2 + 22) - (g = Tl]g)(x - 81 )
2 d(x - 8102+ (y - M) v 2t

= '(3['1.1 [

(91)
M ({8 - 8202+ 22) - (4 - 1% - &2) ]
2 (% - &2)8s (Y - Ty)? s 22

~tan™ {

Recall that whenx = &, y =1, and when x = &,, y = 1. Then, for the sake
of a more compact equation, define the following quantities:
gy =(x-&)2+ 22 e, =(x-8p)2+ 22

hy = (y - M - &) hp = (y - M2 - &)

The quantities ry and ry are as shown in figure (12), where

r=dle- 202+ (y-my)2e 2® ra=dlx = £2)%+ (y - My )¥+ 28

Substituting these quantities into equation (91) yields the exact z
component of velocity due to the side from point (£,1,) to (£,,m5) in the

form used by the XYZ Potential Flow Program:

\% tan™' Mty 7y ] tan! UL T (92)
Sr2” zr zr we

[
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The total z component of the velocity at the field point P(x, y, 2) due to

- vl
Ny . . , I
> the quadrilateral element is the sum of the four sides: ;.‘_;
* ;\.’
n )
g ] Myz2€1 = hy ] _ Mya €2 -ha ] !
. Vs, = tan |-t ! ,’3‘..
'..{ L 2n J 21 j ;"‘:
] ('\ 3
[ m2182'h"1 Maals = hs | N
- avme e - 23°3 3 A
- + tan™ ~tan’'
i | 2Zre i Zrs i LA
; (33) ;5
- M34€s ~ Ny M4€4~ha | ot
+ tan™ _ ~tan™ { > i
Zn g 2 s J .
. 1 - -
Ma4iEq ~ hg Mgy 1 - h -
+ tan™’ ~tan™ . -
.- Z Vs - ] R
- ,_:__.;'_
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8.0 APP IMATIONS OF THE INDUCED VELOCITY

8.1 QUADRUPOLE METHOD

As previously mentioned, as the ratio of (ro/t) exceeds the value of
2, then certain approximations may be made which greatly reduce the
calculation effort otherwise required by the exact method. In the range
of 2 < (rg/t) < 4, the XYZ Potential Flow Program uses the secondorder
approximation of the potential described by equation (43). With the
origin at the centroid of the quadrilateral, the first moments are zero,

and the secondorder approximation is

9= Aw + (172)(1 yowyy * 2ygyWyy * IyyWy) (94)

where the first term is a point source of strength A, the secondterm is
composedof three quadrupoles of strengths I, 'xg- and | uy located at

the local origin, and the subscripts onw indicate the partial derivatives
of w with respect to those variables as before. The quantity Ais the area
of the element, and the terms 1., lxu- and lug are the respective moments
of inertia of the source element given by equations (39), (40), and (41).

To obtain the velocity components at the field point, equation (94) is

_ differentiated with respect to the coordinate directions giving:




............

: i
- . o
v dy Awo + 11 [ 1 - .

r xT T @x " T [ Wy ¥ 2 Lux Wxxxt IxyWoy + 5 UUWxgg] (95) s
2 R
- A ! R

' % L Wooeg* Dy Wy + 3 IWWU‘J‘J] (96) NN

<<
[ =
'
|
2]
Lo
n
|
—
>
3
L~
+

=2
2oy
-

| V= — 5 3T [AWZ + 12 Lo Wt IxyWoyz * —%Iggwwz] (97) “"

» Recalling that w = S S "
the derivatives of w, as expressed by Hess and Smith (1962) and as used in

the XYZPF program, are ;:;:_g

. W,z -XTr,E l e

(99) .

.\: Yl’g = - (:' '-D -3' '

Winew = 30(3p + 10%2) re? :

R Wiy = Sypry’ S

Way = BT 3
Wy = Z4(3g+r0garrg? (100

- "..".‘
e - - ] T
T Wywz = 3ZPrg’ i

.M =
E'_ ) Wyyz = —18xy2 rg? :
Y L e .
S Ve = 32157
"t

- - where o

p = 92 + 22 - 4x2 \‘-‘:

,
A
,l.rl

L

Q=K+ 22- 4 5

gy
.
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8.2 MONOPOLEMETHOD

when the ratio of (rg/t) is greater than 4, then the quadrilateral
may be approximated by a simple source correspondingto the first term
of equation (43). Then the velocity components at the field point due to
the quadrilateral are given by

al
Vx=—.—£ = - AW, (1o

O
x

o
uZ =

Vy= - - Awy (102)

| <o
-

VZ: -

~~
<
(&)
——

- AWEZ

P
~

where the partial derivatives of w are those given in equation (99).
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9.0 SOLVING THE HATRIX EQUATIONFOR SOURCE DENSITY

n 9.1 JACOBI'S ITERATIVE METHOD
Ei: From equation (20), the matrix equation may be solved for the
<
- constant source density g; for each element which satisfies the boundary
{ '- condition equation (11). Equation (20) suggests the use of Jacobi's
iterative method of matrix solution in the form
(m+1) N (m) . -
a; = Wy o+ Cyo™ 1= 1,2, N (104)
- i=t
i» i
where N is the number of elements composing the body surface, and m is
i the number of iterations completed. Apartial sum of equation (104) is
computed for each of the ith elements before proceeding to the next jth
element. The iteration is complete when the summation of equation
| (104) includes all of the jth elements. Because the values of the source
} densities at all of the elements are recomputed before any of them are
i Lii: used in the iteration, this method is also called the simultaneous
- displacement method (Ralston 18965). This is contrasted with the
Gauss-Seidel iterative method used in the Douglas program. In the
Gauss-Seidel method, as eachnew g; is computed, it is used immediately
o - In the iteration process for calculation of Ggj,y) . This is also known as
the successive displacement method and is expressed as

. MR

v
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( +’) "1 . N . ,
=1 j=itt
1=1,2,..,N

Though the Gauss-Seidel iterative method is faster, the Jacobi iteration
method was selected for use in the XYZPF program in order to be able to
perform the iterations column by column, since the coefficient matrix is
also computed column by column, and the matrix does not have to be

transposed for solution.

Wwhen the (m+1)th iteration is complete, the values of the source
densities are compared with those of the (m)th iteration and the
differences summed for all of the elements. The total difference between
successive iterations is then compared to a convergencecriteria input by
the user. If the difference is less than the convergencecriteria, then the
matrix solution is complete and the values of the source densities are
stored for later use in computing velocities and pressure coefficients. If
the convergencecriteria is not met, then the iteration processis
repeated. After every five iterations, if the convergencecriteria is still
not met, then an extrapolation is attempted in order to accelerate the
convergence. The XYZ Potential Flow Program uses a Richardson
extrapolation method, a numerical procedure which uses two approximate

results to obtain a third approximation which is closer to the exact

_solution (Raiston 1965).
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9.2 RICHARDSON EXTRAPOLATION

-
)
ﬂ The Richardson extrapolation assumes that the iterative processis
. convergent. For the iterative solutions Sg, Sy, and Sp, where Sy is the
R most recent approximation and S, the oldest, the solution is convergent
- if
| SetS oLy . (106)
Sy - 92 = A ! ’
While a Richardson-type extrapolation cantake may forms, the XYZPF
program uses a procedure developed from the following approximations
. (Dawson and Dean 1972). If there is only one dominant eigenvalue and a
[ e

sufficient number of iterations have been completed, the iterative

solutions may be approximated by

. e gk e
A 4 LI

So = Sf +E )\m
Sy % Sp+ EAM! (107)
n Sy~ S¢ + EAM™2

~ m-i
SixSp+EX

where S¢ is the true solution

A is the eigenvalue
E is the eigenfunction

m is the number of completed iterations

i
b Define the linear combination which, from equation (107), may be




SN T L W T T TV T T

LI SE alie ade i ik gwst sag oo

......................

approximated as

ASg+ (1 -A)S xSc+EAMT (An+1 - A) (108)
The value of Amay be chosensuch that

(AA+1-A)=0 (109)
Then, from equations (108) and (109)

ASg+ (1 - A)S;~ S (110)
where the expression onthe left convergesto the exact solution.
From equations (106) and (109)

So- 94 1
AN o Te—m— =l - = ‘111
5, - 57 A v
Solving for A,
fe —o2 -9 . 529 (112)
T Sp- 231+ & 0 '

Since the value of A generally changes from element to element, a

weighted average of A is used in the extrapolation, where

M
> (801)-31(1)) (sign of D())
=1

N
> D)
i=1

Equation (113) is recomputed after every fifth iteration. If the difference
between the new value and the old value is less than 0.02, then the
" solution is extrapolated. From equation (110), the extrapolated solution
is
8 = ASg+ (1-A)S (114)

. v w W
1'J~‘l
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When there are two dominant eigenvalues, then the iterative solutions
LN
may be approximated by
- Sl ~ Sr + E] )\1m‘i + EZ )‘Zm-i ("5)
= where S¢ is the true solution

Ay and A, are the eigenvalues
E; and E, are the eigenfunctions

m is the number of completed iterations

_ Define the linear combination which, from equation (115), may be
approximated as
i 82504‘8151*(1‘81'82)32
%S¢+ By M™2[By A2 + By A+ (1 - By - By)) (116)
+ Ez )\zm-z [Bg )\22 + B| )\2 + (1 - B| - 82)]
.
The values of B, and B, may be determined for which the eigenvalues A,
and A, are roots of the quadratic equation
B, A2+ By A+ (1 -B,-By)=0 (117)
X
_ Then, from equation (116)
ff By Sp + By Sy + (1 - By-Bp) S * S¢ (118)
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where the left side of the equation (118) convergesto the exact solution. ‘E:;i
Using equation (115) and eliminating terms containing E5: ";
‘ (So - 5 - Az (51 - 5p) = Ey A2(0; ~2,)( - 1) %
- (S1 - 52) - A2 (Sz = S3) = Ey A 30 -2 - 1) (119) :"' '
! (52 ‘33) - )\2 (33 - Sq) = E1 )\1"-4()\\ ')\2)()\1 - I)
Solving for A, ’
3y = (So-S8¢) - Aai81-52)  (S1-32)- Ae(5a- 55) (120 -
) (G1-82) - n2(Sz-S3) ~ (S2- G3) - A2(53- G4)
b From equations (117) and (120) S
- S4- 55)(50-252+34)-(S4 - G20 0(S - S2)~(53- § S
. B‘:( 4 ) (S¢ +24, 4 2 1S )93 4] (121) ".'l-f'
2 i D »".—'
. (S4-52)(54-253+52)-(S4- 95 )[(S1 - S2)~(53- 54)] (122) ::_-'.
0 s
| _ ) ;
T where D= (54 - 253 - 52)(50 - 252 + 54) - (31 - 52 - 53 + 54)
The weighted averages of B, and B, are used for the extrapolation as done
- with A in equation (113). If the sum of the absolute values of the
weighted averages of By and B, changes by less than 2%, then the
. o extrapolation is performed. Then from equation (118), the extrapolated
- solution is N
' §%= BeSo+ BySi+ (1-Bi-Be)Se (123) i
.
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10.0 CA F VELOCIT ND PRESSUR FFICIENT

n with the influence coefficients and the source densities
determined, the calculation of velocities is a relatively simple matter.

3 From equation (8), the total velocity is the sum of the freestream
- velocity and the disturbance velocity due to the body. The product of the
' source densities and the influence coefficients are summed for all of the
elements, and then added to the freestream velocity to determine the
total velocity at any point in the domain. Velocities onthe surface of the
body are calculated at the null points only, as the boundary conditions are
2 enforcedonly at the null point of each element, and velocities at other
= points in the element would produce significant error due to the method
of approximation. The components of the velocity at the centroid of the
y ith element are
. N
: Vig = Voo, * 2o CiscCj
/ i=1
| N ’
ny Vi T Y, 2 Cigy O (124
I=1
5]
g k,*iz = Voo, + Z Eijz J;
g j=1
: * From equation (15), the velocity induced by an element at its own null
- . point has a magnitude of 271 directed along the outward normal vector of
" the element.
3
= 64
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At a point off the surface of the body, the components of the
velocity are determined just as if the point of interest was a null point of
asingle element. The total velocity at the field point is the sum of the
freestream velocity and the contributions of each of the elements of the
body surface. The contribution of each of the elements is determined by
calculating the influence coefficient based onthe element geometry, and
multiplying the result by the source density for the element. The total

velocity at the field point may be expressed as

Vo = Ve Z Cpq (125)

where p and q represent the field point and the source element

respectively and the influence coefficient,

o 5

As discussed in section 6.0, the influence coefficient may be

T (126)

calculated by the exact method, or it may be approximated by the
quadrupole or monopole method depending on the ratio of the distance, rg,
between the field point and the centroid of the source element to the

maximum dimension, t, of the sourceelement.
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"‘. The magnitude of the velocity at either the on-body or of f-body

g points is given by

/‘./l “l

Iv] = dvdevd ev (127)

The pressure coefficient is calculated by using the result of

equation (127) in equation (19), renumbered here for ciarity.

Pv'
- 2
P - P v )
C = = 1 - L1280
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1.0 STREAMLINE CALCULATIONS

ﬁ For the calculation of streamlines off the surface of the body, a
timestep procedureis performed by calculating the velocity at the
starting point of the streamline from equation (125), and advancing the
» streamline one time increment by a fourth order Runge-Kutta integration
to a new point (Ralston 1965). The timestep procedure is repeated, thus

creating a streamiine composedof finite segments.

For the calculation of streamlines onthe surface of the body, the
streamline is started at a specified point and quadrilateral number. The
iocal velocity is calculated from equation (124), and the values of a
stream function are computed for each corner point. The stream function
- is chosenso that it has a value of zero at the last point onthe streamline
. _ in the quadrilateral. The side of the quadrilateral through which the
streamline exits is determined, and coordinates of the point onthe side
which has a stream function value of zeroare computed. The direction of
the streamline is verified by comparing it with the known direction of
positive velocity. The next quadrilateral through which the streamiine
passes is determined by calculating the proximity of the new
quadrilateral to the most recent point onthe streamline. A circular area
is computed which encloses the new quadrilateral with an additional 10%
. margin. If the last point of the streamline falls outside the circle, then
- the quadrilateral is discarded and a new one selected until the streamline

is adjacent to the new quadrilateral.
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This procedure is repeated along the surface of the body until all of

At

o the surface elements have been tested. The result is a streamline

composedof segments from one side of an element to another.
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12.0 DEVELOPMENT OF HIGHER ORDER PANEL METHODS

s The XYZ Potential Flow program assumes a constant element

' source pane! as described in Section 3.3. Extensive use of the constant

H element source panel method has shown that the primary diasadvantage of

- the method is that, in order to obtain a highly accurate solution, a large

N number of surface elements must be used to discretize the body surface.
The method has been applied to problems of increasingly complex
configurations (Hess 1977). By doing so, the size of the coefficient

matrix is increased resulting in increased computer time and cost.

Additiona! cost is accrued due to the manhours required to prepare the
input. Therefore, while the constant element methods have provento be
very successful, the cost has motivated the development of higher order

methods.

The higher order surface singularity methods discretize the body
surface with curved elements having a variable source density, as
compared to the fiat elements of constant source strength used in the

basic method. Hess (1973) showed that the effect of a curved surface and

the effect of a variable source density are of the same order oOf
magnitude. Therefore, the two effects must be used together to provide a
*consistent” solution. The consistent higher order panel method provides
the increased accuracyand speed desired for three dimensional Neumann

- problems (Hess 1979).

Accordingto Hess (1379), the evolution of the higher order panet




method from the constant element method involved the derivation of new

influence coefficients based on the integration of a variable source

ﬂ density over a curvedelement. Other portions of the method were

; unchanged. However, the development of the higher order velocity 1
:-' equations also required different programming logic. .;-
B :

e In examining the potential for development of the higher order : \
methods, Hess (1979) noted that “a consistent approachalways uses a Eﬁ

source polynomial one degree less than the panel polynomial.” Through an
independent effort, Brebbia (1984) presented a higher order approach
using the direct method to solve for a surface potential polynomial
stating that the potential function must be of a degree at least equal to
the degree of the poiynomial describing the element. Knowing that the
velocity function is the derivative of the potential function, these two

observations agree. Asa result of his derivations, Hess showed that the

1"

AL

"l\'l.‘l 1, '.'r
Pty
2

solution of a flat element with a constant sourcerequires one integral, a
paraboloidal panel with a linearly varying source density requires six
integrals, arid a cubic element with a quadratic source density requires
twenty-three integrals. Development of higher order methods has

focused on the paraboloidal element with the linearly varying surface, as

solutions of higher order than that offered littie benefit for the amount
of effort required to produce a working program (Hess 1979). Hess
(1979) and Eriksson (1983) have independently developed programs for

- three dimensional higher order panel methods. The higher order Hess

O e ) flon o e sndng
AL e ete .. ]
Lt w oo s
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program evolved from the constant element program which he developed

in the early 1960s, while Eriksson developed a new program based on the ,
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work of Johr.,onand Rubbert (1975).  Continued work in the near future is
expected to deal primarily with refinement of the paraboloidal element
with a linearly varying source (Eriksson 1983).

In order to alleviate the burden of preparing the input, a geometry
package for input data generation has been developed which is
incorporated into the Hess higher order panel program. This allows the
user to enter relatively few points to describe the body. The geometry
package enhances the surface representation by distributing additional
points onthe surface based on one of many algorithms or recurring

geometries (Halsey 1978).

As the state of the art in fluid dynamics has progressed, the XYZ
Potential Flow program has seen increasingly complex applications
requiring a great deal of effort in preparing the input, and requiring long
computer run times. Hess (1979) reported the use of the Hess constant
element program for a configuration utilizing 7000 effective elements.
Realizing that the computation time increases as the square of the number
of elements, it is easy to see the motivation for developing the higher
order panel methods. Though modern computers offer storage capacities
which canhandle most applications of the constant element method, the
higher order pane! methods can provide equal accuracyfor much less user

effort. While the constant element method is still a versatile tool,

_ future generations of the surface singularity methods will be able to

handle the more complex applications being demanded in fiuid dynamics.
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13.0 YELOCITY CALCULATIONS FOR A TRIAXIAL ELLIPSOID

As the only true body for which an analytical solution exists, a
triaxial ellipsoid was selected for the sample caiculations in order to
compare calculated results with the analytical solution. Hess has made
use of the triaxial ellipsoid throughout his works in developing both the
constant element method and the higher order panel method. Therefore,
the XYZPF program will be compared with existing results of the Hess
method (Hess 1979).

The triaxial ellipsoid utilized for the calculations has semiaxes
dimensions of 1, 2, and 0.5 in the ¥, U, and z directions respectively. The
surface was discretized by selecting fixed intervals of 0.1 in the y
direction, and fourteen equal divisions of the 90° sector in the x-z plane.
The values of x and z were then solved in terms of y and an angle 6. This
method yielded 280 elements in the first octant for a total of 2240
effective elements after employing symmetry. AFORTRAN program was
used to generate the corner points and to prepare the input file for later

use by the XYZPF program.

Figures (16) and (17) show excellent correlation with the analytical
solution and little difference from the Hess solution using 4320 effective
elements. The use of the centroid as the control point is an
_ approximation used to simplify the muitipole expansion of the potential
about the origin of the local coordinate system. This approximation is

valid for most elements. However, for elements which are long and thin,
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the physical difference between the centroid location and the nuil point
location is significant, and use of the centroid canproduce significant
error as may be observedin figure (16) when the vaiue of y approaches
2.0.

Recent calculations on the same body (Hess 1979) showed that
results of at least equal accuracycouldbe obtained using only 480
effective elements using the higher order panel method. These results are
a significant demonstration of the value of the higher order panel method.
Using the higher order pane! method rather than the constant element
method, the user has the option of obtaining equal accuracywith cruder
discretization or higher accuracyfor the same discretization effort.
Wwhile the results of the triaxial ellipsoid show relatively littie
improvement in accuracy, the most significant advantages of the higher
order panel method are evident for a body with concave regions (Hess
1977).
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Figure 16. Comparison of analytic and calculated velocity distributions on an ellipsoid with

axes ratios 1:2:0 5. Velocities in the xz-plane. (from Hess and Smith 1962)
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14.0 CONCLUSION AND REMARKS

The objectives of this paper were (1) to describe the details of the
approximation of an arbitrary three-dimensional body using quadrilateral
elements, and (2) to provide a detailed derivation of the exact source

panel integrations. Both of these objectives were met.

The method of surface discretization and source panel geometry is
easily described using basic principles of geometry and vector algebra.
By using quadrilateral surface elements, many surfaces canbe discretized
in a very straight forward logical fashion. The user canfrequently
visualize the contour lines Of the surface which may be used to form the
quadrilaterals, with some help from an intuitive approachto the fluid
dynamics problem. The method of forming the planar quadrilateral
element in the XYZPF Program differs slightly from the method presented
by Hess and Smith (1862). The differences lie in the formation of the
local coordinate system and the use of the centroid rather than the nuil
point as the control point for applying the boundary conditions. The
method of forming the 1ocal coordinate system has no effect on the
potential flow calculations as long as one of the coordinate vectors is
the outer normal to the pianar element. The use of the centroid as the
controipoint is an approximation used to simplify the multipole

expansion of the potential about the origin of the local coordinate

_system. This approximation is valid for most elements. However, for

elements which are jong and thin, the physical difference between the

centroid location and the null point location is significant, and use of the
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centroid canproduce significant error as may be observed in figure (16)

when the value of y approaches 2.0.

A detailed derivation of the exact source panel integration has not
previously appeared in literature, though the results are summarized by
Hess and Smith (1962). The derivations presented in this paper verify the
equations presented by Hess and Smith (1962), and the equations used in
the XYZPF Program. The integral expressions for the velocity
components were evaluated exactly with no assumptions or
approximations used in the course of the integrations. Since the method
of integration reduces the surface integral to a line integral around each
of the sides of the element, the integration method canbe generalized for
a planar element with any number of sides, though the surface
discretization used in the XYZPF Program uses only quadrilateral

elements.

The caiculation of potential flow about arbitrary three dimensional
bodies is an engineering tool which is basic to design involving fiuid
dynamics. The XYZPF Program is a useful too! which has provenits value
over the past 14 years. However, the ircreasing demands placed on this
method are exposing the errors of the approximation as evident in the
sample calculations presented in this paper. The requirement for
increased accuracyhas motivated the development of the higher order
panel methods. Some of the limitations imposed onthe XYZPF Program
were due to computer memory and speed limitations. Advancesin

computer performance may allow future investigators to eliminate some
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of the simplifying approximations used in the XYZPF Program, allowing
increased accuracywithout violating computer limitations. Some
modifications might include the use of the null point as the control point
rather than the panel centroid (as is used in the Hess program), or
extending the range in which the exact velocity calculations are
performed. The gains in accuracyby modifying the “constant element
method” are limited by the basic approximations of the planar element
and the constant source density for each element. Significant gains are
most evident in the higher-order panel methods. This author concurswith
Eriksson (1983) in expecting advances in the surface singularity methods
) focus on the “development and refinement” of the higher order panel

methods.
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APPEND!X 1 - XYZPF SECTION PF1

PROGRAM PFP1CINFUT=128, OUTPUT=128, TAPES= (NPUT, TAPE6=0UTPUT, TRFEGS,
1 TAPE3=TAPEQ2, TAPEQ4, TRPE4=TAPEOY, TAPES0=128)

XYZ POTENTIAL FLOW PROGRAM UERSION 4 SECTION 1
RERDS INPUT AND COMPUTES QURDRILATERAL PARAMETERS

FOR {NFORMATION CONTACT
BILL CHENG OR JAMNET DERN
HUMERICAL FLUYD DYNAMICS BRANCH CODE 1843
NRUAL SHIP RESERRCH AND DEUELOPMENT CENTEFR
BETHESDR, HMARYLAND 20094

OO0

DIMENS 1 ON lNDEX(Q,3),6(9,6),F(9),CZ(9),lP(Q),XP(Q),VP(Qb,ZPﬁQ)
1 LMEKCI00), WSC240),PROBCIS), DMCESO )
COMMON X(800 »,¥(800 »>,2(S00 2,10¢41,715,B(250), TC4600 ), KF 100
EQUIVALENCE  <CZCtY,FC1) )
EQU!UHLENCE(NS(1),KP(1)),(NS(!GI),NSK(1)),(“8(201),NP ), (NECZ02 s,
2 HSP),(NS(ZUS),NEP),(NS(2ﬂ4>,NSE),(NS(ZDS),MIX),(uS(206),M|V),
3 (NS(ED?),HIZ),(uS<209>,Icwn),(us<210>,ISH),(uS(Z?i)JK)J<uS<213>,
4 EPZ), (NSC2083, IFS ), CNS0212), IFF FoCHSCZIP, X0 3, CHSLZ1E W )y,
SCHS(2195, 210
EQUIVALENCE (¥12,Y23),(Y34,¥41)
INTEGER F,P1,PZ,F3,P4,PC,PS,PE,F?,PS LFQ
WRITE (6,5>
S FORMAT(4QH1XY2 POTENTIAL FLOW PROGRAM SECTION 1, VERZION 4
10 FORMAT (11, 15R4)
20 FORMAT C1X, 15142
50 FORMAT ¢1X,217,6E12.5)
30 FORMAT <1X,5F12.9)
C R. FRERD IM COMNTROL PRRRMETEFS
WS{2200=4
K1i=0
1D1=0
102=
102=0
1D4=0
105=0
1D6=0
10?=
MAXN=70
MAXM=40
MAXNOE=ES0
MAYXFC=800
ICNTRL=1
ECFSO=0 .
RERD (5 ,100J, CPROBCE Y, 1=1,15)
{F (ECF(5) EG. 0.) GOTO 9
HRITE(E, &)
8 FORMATCIGHONO TITLE CARG FOUMNO - PROGRANM REORTED O
STOP
g CONTINUE
J=0
HRITE <6, 10> JCPROBOED, 1=1,15)
SA=.0
5B6=0.
21 FORMAT C1PHONO. OF QUADS. =,14 F1PH MO OF SECTIONS=,
214/31H MAX. NO. OF ITERATIONS X FLOW 3,9 ¥ FLOW |,
213,94 2 FLOW , 13>
FEAD (S ,11)NQE,NSE,NIX,NIV,MIZ,ISH,EPS,IUCT,IPS,IPF,lSP
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DI ICR R o A A gt o 0 g sadinius o a sags o

4
E 1 ,IEDITY, LEDITS, IEDIT4, | TRPE, XCENTER, YCENTER, 2CENTER
11 FORMAT(614,F8.5,814, 1X,3F5.3)

e IF <EOF(S5> .EQ. 0.) GO TO 19
~ WRITECE, 18)
n 18 FORMAT(43HONG PARAMETER CARD FOUND - PROGRAM RBORTED )
STOP
19 CONT | NUE
ﬂ IF CIEDIT1.EQ. 1> ICNTRL=0

WRITE ¢6,21) NQE,NSE,MIX,MIV,MIZ

31 FORMAT C“COMUVERGENCE CRITERIR",F8.5)

< 41 FORMAT C4HD M, 7X,2HX1, 12X, ZHX2, 12X, ZHX3, 12X, 2HX4, 12X, 2HXP, 12X,

he] 1 2HXN, 12X, THR, 13X, 3HCZ4 74H N, 7%, 2HV 1, 12X, ZHv2, 12X, ZHY2, 12X, 2Hv4,

2 12X, 2HVF, 12X, 2HYN, 12X, 2HFL, 12X, 3HC25/4H P, 7Y, 2H21, 127, 2H22, 12X,

- 3 2H23, 12X, 2H24, 12X, 2H2F, 12X, 2H2N, 12, 4HCZ1 , 10X, 3HCZ6/7)

- 42 FORMAT C4H1 M, 7X,2HX1, 12X, 2HX2, 12X, 2HX3, 12X, 2HX4, 12X, 2HXF, 12X,

- 1 2HXN, 12X, THR, 13X, 3HCZ4/4H N, 7, 2HV1, 12X, 2HVZ, 12X, ZHYZ, 12X, ZHv4,
7 AZX, ZHVF A, 2HYN, 120, 2HFL, 12, 3HCZS /4H B, 7%, ZHT Y, 1200, 2HZZ, 124,
3 2HZ3, 12X, 2H24, 12X, 2HZP, 12X, 2H2N, 12X, 4HCZ1 , 10X, 3HCZ6/4)

24 FORMAT ¢1H , 11, 1GH PLANES OF SYMMETRY)

240 WRITE (6,247 ISH

_ 270 WRITE (6,31) EPS

= 280 IF (IPS.LE.O)Y GO TO 200

3 285 WRITE (6,36) IPS, (FF

36 FORMAT (4SMONEM SOURCE DENSITY TO BE COMPUTED FOR QUADS.,14,3H -

. 114)
" 290 K=0
- WRITE(6,39) ISP

%0 FORMAT (OHO ISP = (3 )
- WEITECE, 37> IEDITY, IEDIT3, 1EQN T4, I TAPE
o 37 FORMAT COHOIEQITY =, 13/9H IEDITS =, 13/0H IEDIT4 =, 13/9H ITAFE =,
{ 139
WRITE(G,28) XCENTER,YCENTER, ZCENTER
C 35 FCRMATCIOHDACENTER = ,FS.2/10H YCENTER =,F5.2/10H 2CENTER =,F5.
. MM=0
MN=Q
P=1
" 0=1.0
- Do 291 I=1,41
DO 291 J=1,71
" 291 1DC1,d>=0
J=0
c B. READ FIRST PT.
IERR=0
IF C(ITAFE.EQ. 1) GO TO 292
2000 READ (5,40 X1,Y¥1,21,N1, M1 NS NE,UN
IF CECF(S.NE.O. .OR. NS.LE.Q) GO TO 2050
WRITE(E, 45> ICNTRL, NS

fJ
~

3 45 FORMATC) 1,94 SECTION 147

- LINE=C
50 TO 232

: 2050 IFCIERR.EC.G) GO TG 2200

x WRITECH,2100)

= 2100 FORMATCIGHONG PQINT CARDS FOUND - PROGRAM ABORTED )
STOP

o, _ 2200 {ERR =1

-~ I TRPE=1

WRITELS, 23002
2300 FORMATC(4?PHOERROR 1N INPUT - POINT CARDZ NOT ON INPUT FILE 10X,
- 1 S3HPROGRAM WILL CHANMGE ITAPE TO § RAMO TRY TO RERD TRAPESG O
IF ¢ EQFC(S).EQ.0 > WRITECE,2400)  XI,¥1,2!
2400 FORMATCHIHOEXTRA FLOW,3F12.5 5 L OX 2UHN|LL NGT EE COMFUTED >
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202 READCS0,40> XI,Y1,2Z1,NI,MI,NS,NE,UN

b 40 FORMAT (3F12.9,414,F12.9)

X EQFSO=EOF (50)

Y IF (EOFS0.NE.O. .OR. NS.LE.0)> GO TO 2450
i WRITE(6,45> ICNTRL,NS

; LINE=0
n GO TO 203

. 2450 IF (IERR.EQ.0> GO TO 23500
WRITE(E,2100)3
o STOP
2500 IERR=1
I TAPE=0
WRITE(E, 2600)
!- 2600 FORMAT("ERRUOR IN INPUT - PQINT CARDS NDOT ON TARFESQ", 10X,
oo 1"PROGRAM WILL CHANGE ITAFE TO C AND TRY TO RERD INPUT FILE™)
1 G0 TO 2000
- 293 UNR=UN
NSS=NS
PC=1
IF (NE .EQ.0> GO TG 2700
MM IN=N1
MHMAX=NI
NM 1 N=M1}
NMRAX=111
GO TO 300
2700 MMiH=M|
MHAX=M
NMIN=N1
HMAY =M1
GO TG 300
IF (ATAFE.EQ. 1> OGO TQ 297
READ (5,403 X{,Y(,20, M1 M1, NS, ME, U
IF CEQF(S».EQ.0.) GO TO 299
HE=0
X1=0.
Vi=0.
2i=0.
GO TO 299
297 RERDISO, 403 Xi, V1,20, NI M, NS, ME, U
EQFSO=EQF (30D
IF (EOFS0C  .NE.O) NS=0
299 PL=PC+1

[ 2]
=)
on

IF (NS .NE.NSS) GO 7O 320
200 IF (NE.EQ.Q) GO TO 304
301 1H=NL
Ni=tl
Mi=iH
c C. STORE PT. IN FT. ARRAY

304 IF (MAYFC+1-FC) 295,305,310

305 WRITECH,306) NS, MI,N|

306 FORMAT(ECH ERROR IM INFUT - THERE ARE TOO MAHY DATA POINTS IN SEC
1TION ,f4,30H -~ POINTS BEGINMING HITH M =,14,5H N = 14,
Z 174 WILL BE IGNORED >

_ LINE=LINE+!
104=1044+1
GO TO z9%
210 X{PCH=X)
Y(PC =Y

20PCH=21
(F (MU LE.MAXM AND. NI .LE.MARXN> GO TQ 21S
WRITECE, 311> MI,NI
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E LINE=L INE+1
311 FORMATC38H ERROR IN INPUT - INUALID M,N INDICES 10X,
1 14HPOINT WITH M = ,14,5H N = ,(4,17H WILL BE IGNORED
{05=105+1
PC=PC-1
G0 TO 295
‘, 315 1DCHI, NI =PC
MMAX=MAXOCMMAX, M1 >
MMIN=MINOCMMIN, ML
B NMAX=MAXO CHMAX, M1 )
= NMIN=MINDCHMIN, N D
o GO TO 205
330 IF CIEDIT1.EC. 1) GO TO 294
" IF CLINE.LT.40) GO TO 333
ol WRITECE, 42>
LINE=D
GO T0 294
- 333 URITE(H,41)
s 204 CONTINUE
E. 00 LOOPS TQ SHEEF PT. ARRAY
N1=NHIN
MH2=HMAX-MH N
NN2=NMAX-NM [ N
IF ¢ MOL¢MMZ,2).EQ.0 .AHD. MODCNNZ,Z).E0.Q) GO T 332
URITECE, 3310 NS5, MMIN, MITFO0, NN, NHAY
L INE=L IHE+1
[ 331 FORMAT 1EHOERROR ~ SECTION |, 1S,45H DOES NOT HAVE GUADS ARRSMGED (N
1 BLOCKS OF 4 ,QH  MMiN= ,12,6H MMAX= ,12,6H HMiN= 12,
- 26H NMAX= 120
- (0f=1D6+1
. 322 MMZ=MMZ /2
NMZ=NNZ /2
i OO 404 NH=1,NNZ

[y}

Mi=MMIN
DO 402 Mi=1,MH2
Q=1
c F. HAJUE 9 CORMNER FTS. BEEN GIUEN
[T=1DCH, R DA TH T N DR TDM 42, N1 IDCMT, NI+ R DO 1+ s 1
1 IOCHI+ 1 NI+Z 260 N1420 00 1+ Ni+2 0 (DO 142 NT+2D
] {(FC 1T EQ.Q > GG 7O 402
- |ERR=0
M2=t1+1
H2=H1+1 =t11, M2
DO 400 N=N1, N2
GO TO (334,335,326, 3372 NO
234 P1=i0CH N )
Fe=l0DM+1, N >
P2=10CM+1, N+ 1)
P4=10M N+ 1)
PS=IDCH+2, 8
FE=1TCH42Z, N+ 1)
- FP=10CH+ 1, N+2)
- =10 ,N+2>

Pa=F1

s - IFCEOXCP 1Y NE XCP2)Y OR YCP 1D NE Y(P2) OR.Z(P1M NE.ZCP2))  .AND. !l-1

1 (XCP1X.NE.XCP43 OR YCP1X NE.YC(P4Y.OR ZCFIX NE . ZCF402) GO TO 340 N

FO=IDiM+Z H+2 D

G0 TO 340

33T PI=IDM N+ 1D
P2=1DM N >
P2=IDMM+1,N )
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Pa={0CMe 1, N+ 1)
PS=iD(M  ,N~-1>
PE=1D{M+ 1, N~1)
PT=IDCM+2, N D
FE=1DCM+Z N+ 1D
Pa=p1
FFCOXCP 1Y .NE XCR2) . 0R YR ID . NE . Y(P2).0R. 2P 1D NE.ZCP23)  LAND.
1 (XCP1X.NE.X(P4).0R.Y{(P1>.NE.V(P4>.0R.Z(F13 . NE.2¢P42>> GO TO 340
PO=10(M+2 N~-1)
GO TO 340
Fi=1DM+1, N D
F2=10(M+1,N+ 1D
F3=10H N+ 1)
P4=10(M N )
PS=10CM+ 1, N+2)
FE=10CM  M+2>
PP=100M=1,N+12
PE=IDM-1,N
F&=F1
IFCCCCR1S NE XCP2) OR.YCR 1D HE YIP2).0R.Z(P1Y NE 2(F2YY  AND.
1 CXCP1Y NE XCP4) QR VCP1Y NE V(P4 OR.2CP 12 HE 2(P4022) GO TO 240
Pa=i0c-1, N+Z 3
GO TO 340
PI1=ID{M+1, M+ 1)
2= 100 N+ 1D
P3=1D¢M N
P4=1D(M+ LN >
FS=10cti~1 N+ 1>
Fo=i0H-1, 8 >
P7=10¢H L N-1)
Pa=1DM+ 1, H-12
Fa=r1
IFCOUP T NE X(F22 . OR MOP Y NE VOPZ Y OR 2P 1D NE 2CFZY)Y  AND.
i CRCP X NE P4 DR YIPTX HE V(P4 DR ZIP 1Y ME ZCPdyyx GO TO 240
FE=1OM-1, H-12

340 1PC1H=R1

W

[P(2o=F2
1FC3»=F3
{Foda=p4
IFCS =R
IP(6)I=FE
{PUT »=P?
IF{@)=F&
{PCg=Fg
Gz COMPUTE NORMAL VECTOR (XM, YN, 2H>
TA=XPI =XCP 12
X2=Y P4 3-Y(F2)
YI=Y (PRI O-Y(R12
Z=VFQ-V(F2)
Zi=Z(F30=20F 1)
22=ZiP4)=Z2P2)
XM= 242 1= 14228
YN IP2E-X2¥2
SH=X 2 =X 1442
R=S02Z XN, YN, ZN)>
IF ¢R.GT. .000QODOONQ1Y GO TO 245

URITELE, 3430

> FORMAT(33H ERROR IH INPUT - ZERD ARER QUAD O

LINE=LIME+1
101=101+1
AQ=0.
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3 "
E _ vl
"E ‘l*
XC=0. .
¥C=0. bt
RN 2C=0. hoRY
L N FL=0. e
Lo C2¢1)=0. oy

. £2¢4)=0. e
u C2¢5)=0.

ad CZ(6)=0. 3
|ERR=1 s
. 60 TO 351 N
345 COMTINUE ok
! XN=XN /R e
YN=YN/F; A
ZN=2N/R
. ! AO= SR
. c COMPUTE CENTROID i
X1=X{P3)-XCF2) e
- Y1=Y(PAI-Y(P2) o
= Z1=Z{P3I-Z(F2) e
XS=V 142242421
- YS=Z 1HX 222 ) -
- 252X 1PR2-X2#Y | A
A1=502(X5,¥5,25) e
AZ=R-A1
. 1T=1 o
XC=(XCP2 X (P4 Y+ CRIFXCPR+RAZ¥XP 1)) /R /3. DAY
- YO (Y CRZ Y PG M4 (R PR P S I B 0 R T
20=(ZCPZ MR 3+ (A TRZCPR+RZYZCP 1) )R /3.
R C COMPUTE SECOND AND THIRD VECTORS e
Co- 945 X4=YN*Z 1-Y 142N
Y4=ZHEX 1-Z 14XN N
. Z4EXHR =X 1Y o
i =1, /502(x4,v4,24) et
Y4=Y4*R
. Y4=y4* g
S 24=24*A e,
. T XF=ZN*P4-24*9N Y
- YEI=XNHZ4-X4*ZN Ges.
. ZE=Y AR A=Y 4HEN w3
N c COMPUTE POINTS !N OURD SYSTEN -
00 947 1=1,9
L=1F<ID)
‘ X1 ISXEH (XL I=XCO+YEH VL I=YE I ZI#(24L »-2C )
< VP CLI=XAY (LU )= X0 YA (YL I=VE 3+ D4 (2 EL =20
N Q47 2P SR CNCL =X0 VNV CL =Y 42N (2L )=2C )
C COMPUTE MATRIX COEF. TO FIND SURFACE EO. <l
- 00 Q48 =2, '
‘ GCl, 10=1. s
GO, 2y=XFCl) i
GCL,30=YPCE)
Gil,4)=XF( ] 2 RO
BO1,S)=YRCL e NS
< ] . N N A Re™ ¥
GO, EO=YRC) RYPOL )
. 949 F(ly=2PC1)
’ B0 953 I=1,6 e
- GC1, =603, 1) N
f G5, 19=6(5, | 145606, 1) R
c 952 G, | )=6C?, 1 14GLE, 1) o
\ K FO1=F(Q) ol
F(5)=F (5 +F(6)
: FCBO=F (P 04F (&

. 68
I
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\'
= C SOLUE MATRIX EQ. G*CZ=F FOR C2

CALL MATINSCG,0,6,F,6, 1,DETERM, IDM, INDEX)
Y IF CIDM.EQ. 1) 60 TO (955,960) IT
- IERR=1

WRITECS, Q54 )

954 FORMAT (33H ERROR IN INPUT - SINGULAR MATRIX

i LINE=L INE+1
= 1D2=1D2+1

GO TO 960
~ 955 1T=2
oy ¢ FIND NEW NORMAL VECTOR
: XN=XN-CZ (2 Y*X2-C2¢3 I*X4

YN=YN-C2(2 RY3-C2(3 )Hv4
ZN=2N-(2(2%*23-C2(3 %24
AN A=1. /SOZCXN, YN, ZN)
. XN=XN*R
YN=YN*f
ZN=2N*R
T GO TG Q45
C STORE DRTA
- Q80 EC(M =X
e BOH2M=YR(1)
- B(+3)=XP(2)
BCJ+4)=YF(2)
o B(J+5)=XP(3)
- B(J+H)=XP(4)
BCU47?=YP(4)
) B(+8)=X3
A B(J+QO=Y3
- B(J+10)=23
B(J+11)=X4
& B+ 12)=v4
. BCJ+13)=24
B(J+14)=02¢ 1)
B+ 15)=CZ(4)
BC(J+16)=CZ(5)
B(J+175=0206)
IF (K .LT. P*MAXNDEY GO TO 965
1D7=107+1
[ ] K1=K+K 1
- K=0
Q6% CONT INUE
.. T(K+1)=XC
- T(K+2)=4C
o T(K+3)=20
TCR+4 I=0N
~y TK+5 =Y
. T(K+6)=ZH
TCK+7)=R0
C COMPUTE QUADRUPOLE MOMENTS
X1 1=XPC14XF{2)
. XI22YPC1+XP4)
X)3=XP (3 04XP(2)
_ X14=XF (2 3+ XP(4)
N XIS=XP (2 )4XF{4)
- YI1=YPCHYP(2)
Y1Z=YP(1)4YP(4)
¥13=YP(3)+YP(2)
Y14=YP(3)+YP(4)
VISsYP(2)+4YPC4)
Ri=R1/24. S0y
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R2=A2/24 .
. R3=AQ/12.
= AXX= (X | 1Hk24X | 2042 JHR 14 (X | FH24X | 4442 IKR24+X | SHH24RI
o RXVECX T PR L 14X 1 24V 12 DKR 14 (X1 3%Y | 34X | 4%y | 4 DFR24X | SV | SHR2
RYY=(Y | PRR24Y | 2002 R 14+(Y | BRRZ4Y | 44042 PRR2+Y | SHk2HR3
c COMPUTE SOLID ANGLE
g XX=XC-XCENTER
n Yy=YC-YCENTER
22=2C-ZCENTER
x5 X A=XXKX3+YYHY3+22423
NS Y =XXKX4+YYHY 422424
e Z1=XRXNSYYRYNHZ 2% ZN
RD=1./802(X1,¥1,21)
" RCU=RD#*3
Ny RSU=RCUK#24RD
{ SA=SA+Z 1* (AQ*RCU- CCRXXKCY X524 2 1%42-4 H) 1442 )
b 1 VYK (X PRR24Z PRR2-d #Y 1HEZ ) Pk 1 5= 15 KX 1R RAXY PRRSU)
b BCJ+18)=AXX
A BCJ4+ 19)=AXY
ECJ+20)=RYY
- c ERFOR TESTS
N D=SA2 CCXPC3=XFC 1), (YPC3I-YF(100,0.)

02=502¢ (XF(4)-XP(23), (YPCd)=YP(23),0. )

FL=.S*AMRX 1(D1,D02)

. CZ23=ABS( C2(2) > + ABS( C2(3) )

- IFC¢ ABSCCZ(2)#ARS(CZ(3)) .GT. FL*.001 > GO TD 970
IF ¢ ABSC €C2¢1>) .LT. FL*.2 ) GO TO 977

970 WRITECE,975) C223

75 FORMAT(29H QUESTIONRELE POINT -POOR FIT ,6E14.3)

IEFR=1
LINE=L INE+1
u 77 IF (YPQIOEXP(ZO-YRP(ZMXPC1) .GE. 0. .AND.
. 1 YPCZPEXR(30-YP(I0¥XF(2) .GE. 0. .AND.
2 YE(IPEXP (4 2-YP (4 :XP(3> .GE. 0. .AND.
3 VR YRXP 1 -YPOIO¥AFO4) GE. .0 GO TO <G4

oo 980 WRITECE, 1000 C XPCLY,YPCLY, 1=1,4)
o~ 1000 FORMAT(41H ERROR IN INPUT - CROSSED OR CONCAUE QUAD
i 1 4CZFI0.5,2x
IERR=1
] LINE=L INE+1
. 103=103+1
Q54 CROF=SO20CXPC2I=XPC 1YY, CYPC23-YP (1), O+ iPCR ~XPC20+ SO2CPC1)-
. 1 XFCd ), (YPCID=YF(4 3, 0. 4SO COF (G -XP (A ), (P4 )=YPi3) 0,00
o IF ¢ 35 %R0 .GT. CRCF#+Z ) GO TO Q&6
- LINE=LINE+1
WEITECR, Q510
- GF 1 FORMAT ¢24H WARMING LOHG THIN QUAD. D
- 986 IF ¢ 2V GE. 0. > GO TO 351
350 WRITE (6,853
95 FORMAT (35H OUESTIONABLE POINT - INMARD NORMAL D
N [ERF=1
o LINE=L INE+1
c J. EDITE QURD INFORMRT YOM
. 351 IF CIEDIT1.EQ.2.AND. |ERFR.EQ G GO TO 354
- \F ¢ tEDITY EG. 1 > GO TO 354
e GO TO (356,357,358,359) NO
356 URITECH,S1) M XCP1), XCFZ), X(F3) XIP4) YC,UN ARG ,C2¢4)
- 1 N,Y(P1), Y(P2),¥(P2), Y(P4) VYO YN,FL  ,C2(5)
kf 2 P,Z(P1),2¢P2),Z(FPR),2(P4)>,2C, 2N, C2C1),C2¢6)
GO TO 360 .
) 357 WRITECE,51) M, XCF2),XCP3),X(P4),XCP1) XC, XN AQ  ,C2(4) el
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ié 1 N,V(P2),Y(P3),¥(P4), Y(P1),VC, YN, FL  ,C2(5)
2 P,2¢(P2),2(P3),2(P4>,2(P1),2C,2N,C2¢1),C2¢H>
o GO TQ 360
o 35€ WRITECE,S1> M, XCP4),XCP1) X(P2),X(P3),XC,XN,AQ  ,CZ¢4)
. 1 N, er4> V(P1) Y(F2) Y(P?) Y, vn FL ,c2¢5)
2 P 2CP4).2CP1). 2CP2).2¢PY. 20 2N CZC 1) C2¢H)
i GO TG 360
= 359 WRITECE,S1) M, XCP3),XCP4Y,XC(F1),XCP2),XC, XN, A0 ,C2¢4)
1 N,VCF3),V(P4), V(P 1), V(PZ),VC,YNFL  ,C2(5)
. 2 P,2(P3>,2CP4),2¢P1),2¢P2),2C,2N,C2¢ 1),CZ(H)
% 360 CONTINUE
-3 51 FORMAT C(1H , 13,8E14 .5/1X, I13,8E14.5/1X,13,8E14.5/)
“ LINE=L INE+4
- IF (LINE.LT.50> GO TO 354
e 352 WRITE 6,42
b - LINE=0
! 354 CONTINUE
n J=J+20
. =P
DMC | >=UNR
F=F+1
_ NO=NO+ 1
IERR=0
349 K=K+?
c K. WRITE OUT BLOCK OF B ARRAY IF FULL

IF (J.LT.2400 GO TO 400
355 WRITE <0d) G, <BCID, 1=1,2400
Q=F
J=0
C L. END OF DO LOOF CGUER PT. ARRRY
400 CONT INUE
402 Mi=M1+2
404 Ni=H1+Z
C M. SET FOR NEXT SECTION
MSS=NE
02 405 M=MMIN, MMRX
DO 4anS N=HMIN NMAY
405 10EM, Ha=h
FC=1
IF ¢{ME EQ.O> GO TO 410
MHAX=NI
M=t
NMIN=MI
NMRL=t
GO TO 4z0
412 MMAx=MI
MM IN=MI
MMIN=MI
NMAX=H 1
420 NE=ME
UF=UN
IF (NS.LE. Q> GO TQ S00
WRITECE, 45 ICHTRL NS
L iNE=Q
GO TG 300
SO0 LRITE (04 0O, (BCOLS 1=1,2400
S50 NP=(K4k 1)/?
ISHP = ISM + 1
GO TO (595,59C,580,570), ISHP
S70 SH=SR+9FI
520 SA=SA+SH
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SH=SHA+5A
C 01 HWRITE PARAMETERS AND T ARRAY ON TAPE

N 505 J = 1 ,-;.:‘
' {F (ITAPE.EQ.1 .AND. EOFSQ .NE.O ) GO Ta 601 o
507 WSCU) = XI v
HS(J+20) = VI Wil
ﬂ HE(J+40) = Zi
o J = g+ A
IFCXI#%2 4+ YI¥*2 ¢ Z|%*k2) 509,509,598 hAY
- 598 WRITE(G,600)  Xi,¥l,2§ ;;s:
- 600 FORMRT( 11HOEXTRR FLOW, 10X,3F12.5) 0N
< 601 RERD(S,40) XI,vi,2i 0N
IF (ECF(S> .EQ. 02 GO TQ 597 9
» X1=0.
;- Y1=0.
Z1=0.
GO TO 537
599 IF ¢1SP.LT.0) GO TO 605
WRITE (03 (PROBCI), I=1,15)
WRITE €Q3) CHSCID, I=1,220), IEDITS, IEDI TS
- WRITE €03 (TC1), 1=1,K
-l WRITE <0Z> (DMCID, 1=1,NP2
R 605 CONTINUE
c N1 CHECK SOLID ANGLE
. £10 WRITE (6,83) A
ES 20 FORMAT(14HOSOLID ANGLE = ,F8.3)

620 REWIND 04
FEMIND 03
622 10S=101+102+ 103+ D4+ 1 DS+ | DE+ 107
IF ¢IDS.EQ.0 .AND. NF.EQ.NOE> GO TO 628
WRITECE, 625
IF 101 .GT.0> WRITE(H,628) 1DY
(F <102 .GT.0> MWRITE(E,629) 102
fF €102 .GT.0) MWRITECE,630) 1D3
IF ¢(ID4 .GT. 0> MWRITECE,631) 1D4
IF ¢<IDS .GT. 0> WRITE(E,632) 105
IF (106 .GT. 0 WRITECE,623) D6
IF C(1D? .GT. 0 WRITE(E,624) NP, MAXNOE
IF (NF.NE.NGEY MWRITECE,637)> NF,NOE
[ ] STOP

o
Velala

- 625 FORMAT(3SHOFATAL ERRUR IN DATA - PROGRAM ABORTED?

522 FORMATCIHD, 15, 21H  QUADRILATERALS WITH ZERD ARER >
- 629 FORMATC JHO, 1S, 44H  QUARORILATERALS GEMERATE A SINGULAR MATRIX )
N 630 FORMATCIHD, 15,26H CROSSED QUADRILATERALS 3

.- €31 FORMATCIHO, I5,52H  SECTIONS HRVE TOO MANY PQINTS O
632 FORMATC(1HD, 1S5,34H FOINTS HRUE IHUALID MM INDICES
e €633 FORMATCIHO, 15,52H SECTIONS DO NOT HAUE OUARDS ARRANGED IN GROURE O

B ¥4
€34 FORMATC1HO, |S,48H QUADRILATERALS GIUEN, EXCEEDING THE LIMIT OF
1 14y
- €37 FORMATCIHO, 15,264 QUADR ILATERALS GIVEN, NOT 14D
- 632 IF CISF LE.OY GO TO 640
WFITECR ,63Q) 1SF
639 FORMATC?HO ISP= 14, 19H - PROGRAM ARORTED O
STOP
640 CONT INUE
c 02 READ PEFSZ AND TRANSFER TO IT
.- STOP 1
" END
r c »
FUNCTION SG2¢X,Y,2) o




C COMPUTE SQURR ROCT OF R*#2

700

R= ABSOXO+ABSCY) +ABS(2) +.000000000000 1
RS=Xk¥2+Y4k2 42442

R=R+RS/R

R=. 23*R+RS /R

R=R+RS /R

Q2= . 25*R+RS /R

RETURN

END

SUBROUTINE MATINSCA,NR,N1, B, NC, M1, DETERM, ID, INDEX)
MATRIX INUERSION WiTH ACCOMPANYING SOLUTION OF SiMUL. EG.
PIUOT METHOD
FORTRAN U SINGLE PRECISION WITH ADJUSTABLE DIMENSiON
NOUEMBER 1871 S GOOD NAURL SHIF R & D CENTER
HWHEFRE CALLING PROGRARIM MUST INCLUDE
DIMENSION ACNR, NR>, BCHR,NCY, INDEX(NR,3)
WHERE NR,NC ARE DIMENSIONS OF R,B, INDEX
M1 158 THE ORDER OF A
M1 IS THE NUMBER OF COLUMN VECTORS IN B (MNRY BE 0)
DETERM WILL CONTAIN DETERMINANT ON EXIT
IO WILL BE SET BY ROUTINE TC 2 IF MRTRIX A IS
SINGULAR, 1 IF INVERSION WARS SUCCESSFUL
MATRIX A CINFUT MATRIX)> WILL BE REFLACED EY A [NV
MATRIX B: THE COLUMN VECTORS WILL BE REFLACED
BY CORRESPONDING SOLUTIOM UECTORS
INDEX: WORKING STURAGE ARRAY
{F IT IS DESIRED TO SCALE, THE DETERMINARNT CRRO 29 MAY BE
DELETED AMD CETERM PRESET BEFORE ENTERING THE ROUTINE

DIMENSION ACNR,NFD,  BONR,NCY, INDEXCNR,2)
EQUIVALENCE ¢ IROK,JROMY, CICOLUM,JCOLUNM, CAMAX, T, SWAP:

FHITIAL 1ZAT HON

N=N1
M=r11
DETEFRM=1.0
Do 20 Jd=1,NH

INDEX{J,3)=0
DO S50 I=1,N

SEARCH FOR PIUQOT ELEMENT

AMAY = 0.0

00 105 J=1,N

IFCINDEXCJ,3)-1) 60, 105, €0

D0 100 K=1,N

IFCIMDEXCK, 30=1) 80, 100, 715

IF AMAY -ARS (ACJ,KD)) 85, 100, 100
IROH = J

(COLUM = K

AMAX = AES CRCS KY)

CONT IMUE

COMT 1MUE

INDEXCICOLUM, 3> = INDEXCICOLUM,3) + 1
INDEXC1, 1) = (ROM

INDEX{1,2) = 1COLUM

INTERCHANGE FOMS TO PUT FIUCT ELEMENT ON DVARGONAL
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IF C(IROW-1COLUM)> 140, 310, 140
o 140 DETERM= -DETERM
g Do 200 L=1,N
SHAP= RCIROM, L)
. ACIROW, L )=RCICOLUM, L)
li 200 ACICOLUM, L)=SWAF
~ IFCMY 210, 310, 210
210 DO 250 L=1,M
“ SWAP=B ¢ {ROW, L )
BCIROMW, L)=BCICOLUM, L)
250 BCICALUM, L )=SHRP

o e
t .
> P

" C DIVIDE FIUOT RON BY PIUOT ELEMENT

310 PIUGT = ACICOLUM, {COLUM)
.. DETERM=CETERM*P | V0T
. 330 ACICOLUM, ICOLUM)Y = 1.0
o~ 0o 353 L=1,N
350 ACICOLUM,LI=RCICOLUM, L3 /F{UQT
- IF (M) 380, 380, 360
T Q00 370 L=1,M
0 B ICOLUM, LO=BCICOLUM, LY /P Iu0T

REDUCE NON-FIUOT RONS

OO0

380 00 S50 Li=1,N
IFCLt- (LOLUM; 400, S50, 400
400 T=R<L 4, 1COLUMD
ACL T, iCOLUM =00
Do 4¢u L=1.N
452 AL L’-HfLi L=-ReicaoLt
IF nw- 55C, SSC 460
460 00 S00 L=1,ﬁ
SO0 BALA,LO=RBLY,LO-BCICOLUM, L T
S50 CONTINUE

L*T

ll'

INTERCHRNGE COLUMNS

[ e

oo 710 i=1,N
LN+ 1-1
IF CINDEXCL, 1)—IHDEXCL, 20 620, 719, 620
620 JRON= INDEXCL, 1)
JCOLUM=INDEXCL, 20
Lo 705 K=1,N
SHAF = ACK, JROW
ACK, JROM >=ACK, JCOLUND
ACK, JCOLUM =SLAF
T0T CONT INUE
710 COMTINUE
00 730 K=1,H
[FCINDEX (K, 2)-1) 715, 720, 715
?20 CONTIRUE
730 COMTINUE

{0=1
v 810 RETURN
t 715 10=2
- GO T 810
t'»q ENC
: /
"-
I
‘
i . 94
3
'
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.
| APPENDIX 1} - XVZPF SECTION PF2
| L
Y PROGRAM PF2(QUTPUT=128, TAPEE=0LTPUT, TRPEQR, TAPEDZ, TAPEQDS,
b 1 TRPEQQ, TAPEQ 1, TRPE 11, TRPEQY, TRPE4=TAFED4,
3 TAPE 1=TRPEC1,
‘ 2 TAPE3=TAPEQ2, TAPE2=TAFEDZ2, TRPE&=TAPEOS, TAFE9=TAPEDA
c
°t c XYz POTENTIAL FLOW PROGRAM UERSION 4 SECTION 2
. c COMPUTES MATRIX COEFFICIENTS
D c
D COMMON  BC241), TC4E00), V11000 Y, V2410005, V3C1000 5, {1 900),C2¢ @
200),C3¢ Q00), HS(300),PROBC15),
JUKCEY VS, V208)
- EQUIVALENCESYE, ¥2) , CHSC201 ), NP Y, CHSC2100, SVHD, CHSC211) KM
b | SCNSCZIZ0, IPFY CHSCR08), IPS) |, (KM, MK
INTEGER S¥M
BLK=1.0
1DU=0
RERD{02) CPROB(ID, 1=1,15)
HRITECE,S)
L S FORMATC4THOXYZ POTENTIAL FLOW PROGRAM SECTIOM 2, UERSION 4 )
o QG FORMATC THOD, 15R4 )
! WRITE <6 000 CPROEC 1D, I=1,15)
L C A. RERD PARAMETERS, T ARRAY, FIRST ELOCK OF B ARRAY
p o READCO3Y  GIECLY, 1=1,2200
I ™ READ (DR (TCLY, =1, MK
RERDIKO4 > (BCID, 1=1,241)
{ - c B. START LOQGP OUER QURDRALATERALS
DN k=1
b J=1
\ P=1
b -, Je=1
B =2
) HPN=G* {NP+4 ) /S)
L KM=+ 1
N 290 IF(B(1)-F 595,205,595
SRS 98 FORMATCUPQINTS OUT OF ORDER BUt)=",1F4.0, " P=" 1F4.Q0
: 285 J=2
' » 298 Xi=B()
. Y1=ECd+ 1)
L XZ=E(J42 )

Gr=Be o3

S

3
4
h
Y4=E 45>
Y=g G
- XN=T(K+3
e YN=T K +4
ZH=T K4S
; XC=Tov
-~ VO=Toh+ts
2 SC=Tih+2)
A=T(r+E >
-, Xn=pJ+?
V=B Jem
ZE=B+T
YVY=RO )+ 10
Yy=Boe 4 11:
ZY=B(J+12)
C Ct COMFUTE LENGTH OF SIDES OF QUAD
- U12=S0ZF (X1, X2, V1,82.0.,0.)
- D22=C02F(X2.X2.¥2.¥2, .0..00

s
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o
i D34=S02F (X5, X4,Y3,v4, .0, .0
D4 1=SQ2F (X4,X1,¥4,¥1, .0, .0)
o c C2 COMPUTE SLOPE OF SIDES
N IF(X2-X3)305, 300, 305
i 300 C123=1.
GO TO 310
|i 305 CM23=(Y2-Y3)/(X2~X3)
. C123=0.
) 310 IF(X3-X4>315,311,315
. 311 Ci34=1.
3 60 70 320
~ 315 CM34=(¥4-Y3)/(X4~X2)
C134=0.
m 320 IF(X4-X1>325,321,325
. 321 Cld1=1.
GO TO 230
325 CM41=(Y1-¥4) (X 1~X4)
Cl41=0.
320 IFCR1-X2)335, 331,335
331 Cl12=1.

GO TO 240
- 335 CMAZ=CY2-Y 1D/ X2~X1)
- Ci12=0.

c £2 COMPUTE QURDRAPOLE MOMENTS
o 340 CIXX=ELd+ 17D
N LlXV—B(d+18\
ﬁ IIII_E\\‘J+1Q\
¥12=0.0
- cx12=0.0
- CY23=0.0
CX23=0.0
, £va4=0.0
i Cx34=0.0
£Y41=0 0
Cx41=0.0
i c C4  COMPUTE SiM AND COS OF SLOPE ANGLE FOR ERCH SIDE
- IF (012> Q241 Q342 Q341
- 9341 CY12=0Y2-V /012
Y 12=001-X2)/012
[ ] 0342 IF(D23)9343, 9344, Q243
- Q343 CV2R=IN3I-Y2)/023
l:x‘-‘r‘a—{ 2_\('§ \. l[,'ab
Q344 IF(D34 G345, GT45 Q245
- Q45 CYI4=(Y4-v2 /074
= Cr34=(xX2-¥4 /0724
Q345 |FOD41 09354
- Q347 CY4 1=y 1-v4) /041
£X41=0X4-X1)/041
C CS COMFUTE MAX LENGTH OF QURD
9342 ST=RESX1-X2)
STZ2=502FCNZ, X8, Y2 4, . G, G
Cu ST=RMAX1(S ,5T2,D12,023,034,D41)
: o O STRET LODF ™MIEE NOLL FTS
342 Ki=1
L=1

342 1=K0

IFCIFS) 9360,9360 9350
5“ ‘F(L ’P") ‘:’J 'c' R '4.,‘:'.“.'(
IFCL-TPF) GIED, Qze0,Qaas

Tl a gV«
(SIS AN
It
(AL I )

SS CiJdis= .0
CacdC =0
- C20JCo= §




v

9360

345
330

)
s

P ]
K ]
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GO TO 54t
1S=1
XCa=T¢1 )
YCa=TC(i+1)
2C0=TC)+2)
XNGQ=TC1+3>
YNG=T(1+4)
ZNQ=TC1+5)

E. COMFUTE DISTANCE BETWEEN QUAD AND NULL PT.

. DETERMIN METHOD
RPO=502F (XC, XCQ, YC, ¥Ca, 20, 200>
'F(RPU“CT*4)wJU,QSG 460
X=(XCO=XC y*r X+ (YCO-YL Y X+ (200-2C »+2X
Y= (XCO=XLC 7RXY+YCO~YE DRYY+(Z00-20 »*2Y
2= (XCO=-XC YAN+ YCO-YC DY+ (Z00-Z20 M 2ZH
IFCRPO~ST*2 02355 355,400
F.  COMPUTE UELOC!TV COEF. BY EXACT METHOD
R1=C02F (X, X1,¥,¥1,2,0.0
R2-°Q2F(l X2 V V; 2 a.
HC SO2F (X, X3, ¥, Vo Z, 0.
=S80 F(X,f4. .\47 Q.
IF (CR1+RZ> .LE. 012) GU O 100
IF (C(R2+R3» .LE. D23)> GO TO 1000
IF ((R2+R4> LE. D34 GO TO 1000
IF (CRd4+R1> LE. D41> GO TO 1000
CLAt=ALOG (R 1+R2-D12 ) /(R {+R2+D12)
CLAZ=ARLOGCKRZ+RI-023 2/ (R2+R3+023
CLA3=RLOGCCR2+R4-024 3 /CRI+R4+4D324))
CLAY=ALOGC(R4+F1-04 1)/ (R4+F1+04 1))
TUX=CY 12¢CLA 1+CY23¥CLAZHACYI44ACLAS+CYE 140 A4
TUY=CX124CLA1+CXZIFCLAZ+CXI4HCLAS+CXS 1¥CLAY
TUZ=0.
[FCABSCZ/ST - 010 375,361,361
2S0=24%2
E1=ZS0+ (X=X 1 ¥
E‘=:€0+<x—x‘>**‘
E3=250+ (%=X *2
Eq4=2S0+ (X—x(q w2
Hi= (” =N =-X1)
H2=(Y=Y2 e OX=X2D
H3=(V-VS)*(X—I3)
Hg=(Y-Yq o4
iFOCI120383, 3685, 364
WS 1=(CHMIZ¥E1-H1 3 /(Z¥F 1)
H:'“f“P‘°*E2 HZ)!(Z*HZ)
HT;‘HTHH Ue2)
TUZ=AT 1-ATZ

IFCCE230365, 365,367

Nt

5 ATI=ATANG (CH2HE2-H2 )/ ZHP2 )
T

AT4=ATRNL (M2
TVZ=TUZ+AT3-AT4
IF{C134)368, 368, 360

—HIB/AZ¥RID

OJ

: ATS=ATANC(CNE 4‘E;-H:J/(Z*H3))

ATE=ATANC CCHI4HES-H4 )/ (ZHR4 D)
TUZ=TUZ+RTS-ATE
IF(C141)370,370,375

370 ATP=ATANCCCHMS PHEd-H4 ) /(24Fd D)

ATE=ATANC (CM4 PFE 1=H 1> /(2*F 12D
TUZ=TUZ+RT7-ATS
GO TG 450
G. COMPUTE VELCCITY COEF. EBY QUADRRFOLE METH
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400 RPQ3=RPO**3
RPQ?=(RPQ3*+2 MRPQ
W51= X/RPQ3
XSQ=X**2
Yan=rrz
280=2+%2
P5=Y50+250~-4 *XG0
QsS=XSg+ZSQ-4 . *vsQ
HNSZ=X¥(9 *PS+30. *XSQ)/RFQ?

¥

r -
&

"~ W33=3 *Y*PS /RPO7?
- WS4=3 #3405 RPGT

TUX=A¥US =0 [ XYFUSI-C OCKIS2-C VY HRUSY
HE1=Y /RFQOR

» NS2=Y*(Q *0S+30 AYSH 1 /RE0?
" TUY SRS 1=C LOOMIEE-C | XIS 4-C | sz
TUZ=Z¥(R/RFQ3~3 . ¥(CIXXYPS-5 *CIXYHXEY+CIVY*OS ) /RFOTD

. 450 XL 1SH=TUHROHTUR Y+ TUZ *XN
KX UR S H=TUCRY X+ TUVRYY+ TUZHYN
U2 SOsTUNFZ X+ TUYA VS TUZ#IN
GO TO 470
- C H COMPUTE WELOCITY COEF. BY MONOFOLE METHOD
b 460 ARFOZ=A/ (RPD*+30
’ WX S o= (XCO-XC MRRrGs
- URCISH= (YCO-YCO¥ARFPO3
i{ P2050= (2C0-Z2C »WRRPUS
i G c I. REFLECT NULL PT. IN PLANE 0OF SYMETRY
470 GO TOL480, 485, 4Q0, 405 S0C, 505,510,515, 1S
Qo LOOFS SET UWF TQ FORCE USE OF INDEX REGISTERS
40 Ji= ‘_tl‘_l
Jdz=dC
- GO TO 345

DY =LIX 1)
425 JFCSYM-10317,517, 486

- U=
. UOZ=UZ
=01
MZed1=UNg 1y
2 WA ¥=UXL 1)
9 D110 Yy
) UZC 1+ 1=V 1D
UZCd 1+ 120501
a UICI+2)=02¢ 1)
- Uz M+2)=UZ0 1)
¢ TY SHMETRY

D

JFCSYMy G300, 520, 481
- 461 18=2
T C 72 SYMETRY

V2014200201 )
YET=-YTT

g

=~2C

S

o4

i

— N

i —

v
400 15=4
YCO=-YC0
GO TO 345
- 495 [F(EVM-205 16, 516 498
C Y2 SYMETEY
o 496 18=5
f' XC0=-XCO
' GO TO 248
sSa0 1S5=6
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GO TO 345 .
) 505 1§=7
= 2C0=-2C0
GO TC 345
S10 1528
YCQ=-YCQ
i 60 TO 345
- c J. RDD CONTRIBUTIONS OF ALL REFLECTIONS
S135 V1Cd1)=U 1D 1HHAUXE M+UX R 5+UX(EX+UN(5)
<. U2 1)H=U2 001 )-UXB MU C? MU (6 I-UX(S)
iy U0 12031 -UXC8 J=UN P 3+ UX (6 4UN (S )

UTCI 1+ 1=V 1S 14 1)=UY 8 )+UY (T 34UV (B )-UY(S)
UZ2C 1+ 1=02C 1+ 1O+UVE UV (P )+UY(6)+UVf¢)
» U3+ 12U+ DUV CE 0=V (R 34UV R J=-UYCS
- QA 1+20=U 1 1+ 2 =UZ (& -U2x “J+““fﬁ)+Uh.g)
U2 ¢ 142 3=U2¢ 142 04UZ2 (8 )-UZCT IHUS (G -2 (S
USCJ1+2)0=U3C 1420+ U2 (8H+UZ 7 4 UZ(E+LI2(5)
UTC o= 10 seUX (4 24U (30
U201 0=020d 1 +UX G =U0(3)H
UACJ1=sU3 001 )=-UX(4)H-UX(3)
DARNAL SR VRTEURE S BLINIE- DIl eCH)
UZ Gt 1osUZ2 0T+ 1 04U (G o+l (320
U301+ 1 mU3 014 1 =W (4 24U (3 )
U1 142001 142)-UE 4 =2 (3D
U214 20=U20 0142 )=-UZ 4+ 233
U3 142 3=U3Cd 142 0402 (4 0+ U203 )
IRARR IV PR LERR LR §
20J1=U2 U1 -UX (2D
VS =03 a+UX (22
UG+ 1=+ 1 =2
U214+ 10=U120 0 14 14UV (2D
U0+ 1=U200 1+ 1 -0 20
eI+ 2 3= 1+ 2 0403 (2 )
L2 142 0=2 00142 0-U202 )
U 142 0=U30 J 142047020
e CHCJZ =XNQ¥ UL CAT FYNDHRU LI 1+ 10+ ZHDRU U142 )
C2 A2 d=XHOFI2 O Y HOFUZ GO+ 1 2RO (142D
E'V‘ =IO VNI OO+ D4 NGRSO+ 2 0
540 JMsduel
541 JC-JC+1

VT YT
n
—
[nil

2t amn o

o
-3

C O, WR'TE COEFICIENTS
C K. WRITE COEF. OM TAPE OR DRUM IF STORAGE ARER 1S FULL
545 [FLA-10010570, 555,555
B8S =2
U1'1) ELK
C1h=BLE
U~- 1 =RLK

IF(BLK~E626 03 360,552, 566
; WRiTE (01 ELK, Jl CU2 U3
B0 T0 SER
S62 RELINDG O
SE86 URITEC 1Y BLE U U2 U3
ST BLE=SBLK+Y,
SO OIFCJIC-901 380,571,571
71 10H=1DH+
WRITE <02 10N, T
WRITE <02 10, Cz2
WRITE o2l (DM, C3
SO JC=d
S8Q KO=K0+7?
L=L+1
C L END OF LOOF QUER NULL PTS.
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581

€620
60

- 5410

- 1020

- 2O
-, 2000

- SOl

A S et BB - ot

IECKO-KM 343,343,531
C1¢JCH=0
C24JCH=0
C3CJCH=0
IF (KO-KMMYS4 1,565, 585
P=F+1
K=\v47
J=J+20
IFCK-KM  )836,586,600
M. END OF LOOP OVER QUADS.
M. PCSRD NEXT BLOCK OF B ARRAY IF NEEDED
IF{J-241>226,530, 590
RERDCO4 (B 2, 1=1,24 1)

J=z
IFCBCT)-F 58S, 206,565
WRITE (6,82 BEC1),F

STOF
IFCBLK-E36 .0 610,620,630
0. WRITE REMAINING COEF. OH TAFE OR DRUM
WRITECQIIBLE, U1, U2, U2
REMIND O
GO TO 640
REWIND Ot
WEITECT1) BLK U1, U2, Uz
REHIND 11
WRITE 02> DN, C1
WRITE (05 10w, 02
WRITE ¢0Qy 1DW C2
FEWIND OZ
FEMIND 03
REWIND 04
FENIND 02
ELIND 03
F. TPAMSFER TO PFPS3
WRITECE, 20003 L,P
FORMAT(RH L= 15 20,24 P= F3 12
COMTINUE . '
STOR 2
END
FUNCTION SO2F{X1,X2,¥1,vz, 21,225
r=X1=X2
lvlzl,[ 1_!)‘12_.
2=21-22

F=F+RS/F

1= 25*FR+RS /R

F= R4+FS/R

SNZF=  25%R+RS/P
FETUA

END
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APPENDIX 111 - XVZPF SECTION PF3

»
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LR 2SI
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o000

;‘: 4

.o
»
L)

PROGRAM PFP3CQUTPUT=128, TRPECZ, TAPEQE, TRPEQY,

1 TAPE 12, TRFEDS3, TRPEG=0UTPUT , TRPE2=TRPEDZ,
2 TAPES=TAPEDR, TAPE9=TAPEQS, TAPEI=TAFEQZ

XYZ POTENTIAL FLOW PROGRAM UERSION 1 SECTION 3
SOLVES MATR!IX EQUATION FOR SOURCE DENSITY

COMMON  SN(B54>,UIP(ESD),S(5,650), PROB(1S ), WS (220, DH(ES0),
1 B(220), COEF(Q00), XNCESQ), YNCEST), ZNCESQ)
EQUIURLENCE CHSC(213),EPS) |, CKK,B(201))
EQUIVALENCE (MIX,WSC205)), (M1Y, HS(206)), (M12,US(207))
EQUIURLENCE CHSCZD1Y,NP), (NSC208), [PS), CHEC212), IPF 3, CHSC211) KM,
1OKM, MK

S FORMAT(43H1XYZ POTENTIAL FLOW PROGRAM SECTION 3, VERSION 4 )

WRITE ¢6,5)

READ (D3)CPROBCIY, 1=1,15)

HRITE ¢ &, 1001>CPROBCI D, =1, 15)

FORMATC 1HO, 1SR4)

READ (O3) (HSCI), 1=1, 2200, 1EDITE, 1EDITS

RERD (O3 (SRR, SRR, SKIP, XNCEY, YNOL D, 2N, SKIP, 1=1, 4P )
=-.5/3. 14159265

RERD COZHCOMCEY, 1=1, NP2

K=t

k2=NP

240 FORMAT C1GHOCHAMGES N PROB -, 15R4)

Py

R ]
122

e g

IFCIPS 21220, 1220, 1231

220 Fi=-1

¢ REGD C123¢ BOKY, K=1,15)
WRITE ¢ 6,240 3(BLK Y, K=1,15)
REFD 123¢ BCKDY, K=1,2200
FERG C12)8KIP
READ (125K IP
Ki=1P3
Kz=|FF
R. SET CONDITIONS FOR FLOW OF -1 IN X DIRECTION
Fy=0
FZ=0
NE=-1

B. COMPUTE INITIAL APPROXIMATION TO THE SOURCE

1240 DO 1250 K=1 NP

PR XN K OREYSYH K DREY+ZH K R E-DM.K D
SOS K ==UL PO 11936
C. SET PARTIAL SUM VECTOR TO ZERC

B0 SHK =0

995 FORMRT(ZTHOMTERATION UM OF CHANGES ,OX, tHR, 10X, 2HE Y, 10x ZHEZ )

o

SNCNP+1=0.

SNONF+2 =0,
SMINF+3)=0.
SH{NP+4 »=0

WRITECE, Q97> FX FY,FS
URITE (6, ,Qag)

1T=1
1&=5%

IF CIPSY 1260, 12601
1255 READC1Z) (5¢5,KD, K
0O 1256 K=1,KK
Bo 1235 1=1,4

255
=1

KK

Ed

SE SO, K =65, K)

0. STHRT ITERATION

1260 BAND=0

"I§l'~<‘1'. -‘v"- .
LU N R T O W A




1261

1262

1263
1264

L /3
OO0

.
5 ¢
C
n
- £
6"
62
— £
N Wi
c
€0
-
C
C
. 1290
ii C
91
-:‘ l_j"':
Q;

160

-~ 110

{20

oW e e .
e lar PG T VW G Sl

IF (NF)1261, 1262, 1263
READ <02 )1DW,COEF

GO TO 1264

RERD (Qg )10, COEF

GO TO 1264

RERD (09)1DW, COEF

J=0

D. READ FIRST BLOCK OF COEF

€. START LOOP GUER QUADS.
DO 1290 K=1,NP

F. PICK UF SOURCE DENS!TY
SP=SCIC,K)

G. START LOOF OUER NULL PTS.
DO 1250 KP=1,NF,S
IF¢J-Q00)80, 65, 6S
IF (NFIET,ES,EQ

¢ RERD (QZ)1DW,COEF

G50 1O 70

READ <08 I0W,COEF
G0 TO YO

BERD (0@ )DW, D07
J=0

H. COMPUTE PRRTIAL SUM FOR NEXT © PTS.
SNCKP )=SNIKF »+COEF (J+ 1 )¥SP
SNCKP+ 1 )=SNEP+ 1 )4COEF {J+2 )¥SP
SENCKP+2 )=SHOKF+2 MC0EF (J+3)45P
SHOIKP4+2)=SHLKP+3 M COEF (U+4 2GR
SHCKP+4 )=SN(KP+4 )+COEF (J+5 )*CF
J=U+5

Jo END OF LGOF QUER NULL PTS.

K. END OF LOOFP QUER QUADS.
CONTINUE

L. COnmUTE NEW SOURCE
(F (NP> at,0z,93
RENING Q2
GO TO Q4
FEWIND 02
G0 TO 94

2 REWINDG 09

PRSS=1.0
sur=0.
DD 100 K=Kt K2
SNCKD=C SNCOHNPOKD D
TESZT=RBECENCG-SUT,KDD
SUM=SUMLTEST

IF ¢TEST .GT. EF32
COMT INUE

IF (FASS .EQ. 1.0 GO TO 1€0

IF (iT.GE.MIX> GO TO 180

tFCIEDITZ (EQ. 0) WRITECG,99) IT,5UNH
IT=1T+1
1C=1C~1

e Q1 EQ. OO
0o 110 K=k1,KZ
SC, KI=E8MCK)
KM

GO TO 1260
A=0.

B1=0.

2=0.

DAR=0.

01=0.

PR3S=-1.0

GO TO 120

-
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122

125

2
Quyd

140

145
&6ao0

14¢

150
2000
195

15¢
160

D2=0.
DO 140 K= K1,K2

DS9=2%S( 1, K)~SNC(K»-8(2,K)
[F(0S9 .GT. G0.> GO TO 122

R=A+S¢2,K)=-C1,KD
DR=DA-DS9

GO T 125

R =A +S(1,K)-5(2,K)
DR=DA+DSY

DS 1=5¢4,K>-58(3,K>
082=5¢3,K)~5¢2,K)
0$3=0S1-DS2
0SE=8¢2,K)=8¢1,KD
DS5=DS2-DSS

DSE=05 1-D5S
054=0S2-5¢ 1, K MHENCKD
0S7=053*0S4-DS5*DS6
DSB=DSE*DES-D4+DS3

IFFCDSY .GT. 0.) GO TO 12€

B 1=E 1-DS 1#054+062+DS6
01=D1-DE?
30 TO 130
B 1=B 1408 1#054-DS2*DSE
D1=D1+DS7

IF (0S8 GT. 0.» GO TC

B2=B2-DS 1+DS5+DS2HDI3
0=

GG TO 140

BZ=BZ+0S 1¥0SS-Ds 202
Dz=D2+D5E

CONTIHUE

A=A }'.DH

E1=E1/01

B2=82/02

D2-0ss

132

fFCIT EQ. 62 GO TO 188

RA=R-AS
AR=ABZ (AR

IF ¢AR .GT. 02» 50 TO

0o 145 K=K1,K2

o

145

ST, KI=AYCSHIK 3=8C1, KIS0, K3

SMCK =0,
WRITECH, 6000

FORMAT (29X, 17HA EXTRRPOLATION )

GO TO 1&0

BE: 1= 1-E5 1

BE 1=FES(BR 1)

BB 1=50 *EE 1
BE2=E2-BS2
EEZ=AES(EEZ)

BE2=50  *EB2
BEE=AESCE 1) + RESCEDD
IF ¢ <EBE1 .GT. BEE)
o0 150 K=K1,KZ

(R, (BBZ .GT. BEE> > GO 7O 1SS

U5, KI=8CZ, KB (ST, K-S K IR (SN =802 K 20

SH{KI=0.
HRITEC(S,?000)

FORMAT (29X, 17HE EXTRAFOLATION P

o) TO 160

00 158 K=K1,Kz
SCS, K)=8NK)
SHOKO=0.

1C=5

e et e
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ig WRITECE, 161> A, B1, B2
- 161 FORMAT(20X,3E12.3) x
L AS=A N
N BS1=E1 N
BS2=B2 A
GO TO 1260 Y
B 180 WRITE(6,99) 1T,SUt ho
00 182 K=K1,K2 e

182 S(1,K)=SN(K)
~ WRITECO3) (SC1,K)>, K=1,NP) ‘\fﬂ
", Qg FORMATIAX, 13,E18.5) e
S @07 FORMAT C13MQ X VELOCITY=,F4 1,15H ¥ UELOCITY=,F4 1, T
1154 2 VELOCITY=,F4 1) N

» IFCFZ 21400, 1330, 1400
- C F1 IF THIS WAS NOT LAST FLOW, SET FOR NEXT FLOW g
1290 FZ=FY =

FY=FX o

FX=0 ey

ey 54

NF=NF+1

. 60 TO 1240 fod
" 1400 REMIND 03 _ N
c P2 FRERD IN FFFS4 AND TRANSFER TO IT e

STOP 3 S

END P,
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APPENDIXY 1V - XVZPF SECTION PF4

i; PROGRAM PFP4(OUTPUT, TAPEG=0UTPUT, TRPEO3, TRPEQ 1, TRPE 11,
W 1 TAPE3=TAPED3, TRPE 1=TAFED1)

XyZ POTENTIAL FLOW PROGRAM VERSION 1 SECTION 4
COMFUTES VELOCITIES AND PRESSURE COEFFICIENTS FOR
POINTS ON THE BODY

K _
0OO0O0O0

= COMMON  UXT(ESD),UY1(B50),UZ1(B50),  UX2(ES0),UY2(650),UZ2(650)

¥ 1 ,UX3CES0), UY3(B50),UZ3(650),  S1(ES0Y, $2¢(650), $3(650)
2 | X(B50), Y(650), 2¢650),  T4(650), T5¢650), TE(650)
3 , DH(ES0)

- DIMENSION PROBC 1S ), WS¢220), CU1C 1000, CUZC 1000 Y, CUE 106D )

EQUIVALENCE (WSC2013,NF), (WSC211), KM, (HEC217),UX1 ), CHECZ1E), UYL ),
1CUSC219),U21), C(HS(208), IPS), (HS(212), IFF)
EGUIVRLENCE (MIX,HSC205)), CMIY,WSC206)), CMIZ, HS¢207))
5 FORMAT(49HDXYZ POTENTIAL FLOW PROGRAM SECTION 4, VERSION 4
WRITE (&,5)
RERD CQ3YCPROBCLY, 1=1,15)
- 100 FORMATCIH |, 15A4)
- WRITE ¢ 6,100 3CPROBCT ), I=1, 153
A. REAG PARAMETERS AND SCURCE
READ (03> (MSCI),1=1,2207, IEDIT2, IEDIT4
READ CO3YCXCTY,V(1),2¢1),T4¢i ), TSC) 2, TBC1 ), SKIP, 1=1,NP)
REFAD CORXCOMCE Y, [=1,NP)

D=- /3 143155265

I it a8 o e o
- o v .

L]

L

e
L]

T

‘ RERD C03XS1CI), I=1,NP>
READ COZYSZCLY, 1= 1, NE)
RERD (03) (S3CI), 1=1,NF)
J=1
Ki=1
K2=NF
IFCIPS0E, 108, 102
102 K1=1FS
K2=(PF
105 BEF=1.
c E. FREAD FIRST BLOCK OF COEF.
| TARE=011

READ <01) EBB,CV1,CU2,CU2
IF (BE-BER) 300,120,300
120 D0 1251=K1,K2

UX1C=-1.0 SG>T40y /D
Uit D= -S1CI¥TSCL> /D
weicio= “S10LRTEC) ) D
Uzdl o= =52(1 »*T4¢1 /D
uyz{l)=-1.0 ~S2CIATECT) /D
VZ2(] o= =SZCI*TECI Y /D
UxXz(l = =-S3C1 T4y /O
UY3ci o= “S3CEXFTSCY /D
125 UZ3(1)=-1.0 -SRI ATE(LY /D
c C. SET UP LOOP OUER QURDS.
JC=2
c D. FPICK UF SOURCE
130 S1d=51(1)
$2J=82¢J)
§3J=83(H
c E. CSET UP LODP OUER NULL PTS.
00 180 JP=K1,K2
c F. COMPUTE PRRTIARL SUM FOR G COMFONENTS OF 3 VELOCITIES

UX (P H=UX 1(UP )+S10*CU1(JCH
UY 1 (P )=UY 1 (JP 345 1ACUT(JIC+H1)
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UZ 1CIPI=UZ 1CIP I+S 1UHCU1CIC+2 ) _
UX2CJIP )=UX2¢JP 2#S2J%CU2¢JC ) el
N UY2(JP D=UY2CJP )+S20%CU2¢JC+ 1) 3
by UZ2CJIP Y=U22(JP Y+S2U% CU2(JC+2) >
: UX3(JP=UXICIP )+ S3HCUBCIC) -
, UY3CIP Y=UY3CIP 1S3 CUB(JC+HT) N
R UZ3¢JIP )=UZ3CUP MSIIHFCUBUC+2) —
LI JC=JC+3 ,::,':
c G. READ MORE COEF. IF NEEDED. RO
oo IF (JC-1000)180, 135, 135 i
b 135 J=2 i
- IFCBBR-635.0) 140, 150, 155 R
140 READ <01) BE,CV1,CU2,CU3 A
(] GO TO 160 _
:5 150 REWIND 01 o
. 155 READ (11> BE,CU1,CUZ,CU3 S
160 BBR=BER+1. R
o IF (BBR-BB)Y 300, 180,300 i
i c H. END OF LOOF QUER NULL PTS. e
180 CONT INUE 2
- Jd=J+ 1 o .
T » . END OF LOOP QUER OURDS. PO
- IFCJ=NP Y130, 130, 200 s
200 IF(BER-635.0) 231,231,282 e
. 231 RENIND O1 G
% 60 TO 233 A
232 REMIND 11
. C K. EDIT THE VELOCITIES ETC. AND WRITE THEM ON TAPE A
e 233 WRITE CORICUXICT 2, UPICT Y, UZ1C1) REIN. D) S
A WRITE CORICUNZCL ), VY2 1), U22¢1) RESN: ) et
WRITE CORICUXICT ), WA, U231 ,I=1,0NF) =%
.- 235 FORMBTC1H1, 154,84 FAGE =, 115) e
i REWIND 03 ot
IP=F 1+43 i
15=K1 s
IPARGE=1 s
IF CIEDIT4 EQ. 1) GO TO 202 nee)
IF ¢MIX LE.O » GO T 285 %)
242 FORMATCEHO X FLOMD oy
[ ] 240 FORMATC(SH FT., 10X, THXY, QX 1HY, X, THZ, *3X, ZHUX, 8X, ZHuY 8X, ZHUZ, 10X,
oy 1 SHAES .Y, X, 2HCF,6X, 6HSOURCE, 4%, 5HU NORMAL e
245 FORMAT C1X,13,4%,3F10.5,4X,3F10.5, tF13.5,2F11.5 E12.2) A
N 250 IFCIP-K2)255, 255, 260 S
. C J.  COMPUTE PRESSURE AND ABS. URLUE OF VELDGCITY o
o 55 WRITE (&, ZZSICPROECL Y, 1=1,15), IPRGE AN
NFiiTE (6,242 il
&3 WRITE 6,240 o
- DO 257 1=15, 1P sl
WSO 11 P24V 1L RRZHUZ 10 k2 e
UM=CRES (U1 CE D 4ABSCUY 101 ) 04ABSIUZ 1))k 72 o
2 UM=UM+US UM ]
- U= 25+ UM+US0 /UM "
WM = SRCUMHNE0, M)
. P =1.-Us0 YT
N UNF =UX1C*TA01)  +UYICEHTS D +UZ 10 #TECH A
c. 257 WRITE €6,245) 1,XCEY, YO, 20, U1 UV 14D UZ 10 U N
1 ,CF ,5101), UNR A
-~ 1$=1S+50 N
£ [P=IP+50 N
- | PRGE={PAGE+1 N
IF(K2-1S) 265,260,250 AN

- 260 1P=K2




GO TO 285
265 |P=K1+49

w 18=K 1
o~ IF (MIY .LE.C > GO TO 280
267 1F(1P-K2)Z75, 275,270
. 270 1P=K2
I; 275 WRITE ¢6,235)CPROEC1), 1=1, 15, IPAGE
. WRITE (6,277)
277 FORMAT(SHO ¥ FLOW)
e WR I TE (6,240

oo 276 1=1§, IF
USQ=UXZ (] PE24UYZ (| yRh2 +UZ22( 1 ykhg
UM=CABS OV ) 4ABSIUYZ O ) D+RBECUZZC1 )0 ¥ 74

e’

- UM=UM+SD /UM

S UM= . Z5%UM+USQ /U

b UrM = SRCUMHUSa UMD
.. UNR SUXZC2RT4CTY  +UVZCI DRTSCLY U221 *TECL)
o cp =1, -Ysn

’

278 WRITE (6,245) 1,YCI),¥41),2¢1),UX2¢1 ), U¥201 3, U220 1) 1
1 0P ,$2¢1),UNR

- 1§=15+50
o IP=1P+50

{PAGE= | PRGE+ 1

b IFC1S~K2)267,267, 280
L 233 IF=K 1449
% - FS=K 1
IF «MiZ LE.C Y G0 TO 263
b 282 IFCIP-K2)2Q0,290, 285
F 285 1P=KZ
. a0 WRITE (5,235 )(FROECT Y, 1=1, 152, IPAGE
WRITE (6,262
. 292 FORNAT(EHD Z FLOWD
.‘ WEITE 6,240
oo 291 (=18, (P

ENSUXIC T PHAZ4UVEC [ IRHZHUZEC | ph4Z
. UM=(RBSCUXICE ) 3+RBECUNEC T ) +RBSIUZIC 1 ) 0% 79
v U=+ S0 /M
h UM=  25#UM+UST AN
U = SRCUMHUSO D
] CP =1.-Ys(
- UMR SUXSCIORTACL)  +UVSOETSOL)  #UZT0 TR
201 MRITE  €5,245) 1, X010, 2010, UX3CH), UY3CE ) UZ301), U
10PN, UNR

1S§=15+50

IF=tP+50
|FAGE=FRGE+1
- VF{15-K2>282,282,2493
C L. CHECK FOR A FQURTH FLOW
263 d =1
294 Ux1 = {5d0
: U = WECa+20)
_; UZ1 = HSCJ+40)

295 IF QUi e+ U2 2y 400, 400 301
301 15=K1

y IP=K 144G
N 320 IF CIP-KZ)230,325,225
c N. EQIT THE UELOCITY AND PRESSURE FOR FOURTH FLOU

N 325 IP=K2

P 320 WRITE (f, 235 )PROBCI Y, 1=1 15, |PAGE

- WRITE (6,315OUX 1, U1, U2}

WR I TE (6,340

g C M. COMPUTE VELOCITY AND PRESSURE FOR FOUETH FLOW
.. 107
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DO 333 I=IS, 1P

UXd == CUXTHRUXTC DUV PRIX2 O U2 PRUX3CE D)

L. UY4  =— (UXTHRUYICT MUY ROV 4UZ TRV D)

e U24 == (UXIRUZ QT DUV RUZ2T I+UZTRUZICE D)
USO=UX4  ++2+UV4  dokZ4l)24 k42
UM=(RESCUX4  +RBS(UY4  H+ABSVZ4 )% 79

: UN=UM+US0 /UM

1y UM= . 25RUr+Usa /un

UN = S*CUMHUSq UMD

cp = 1, =CUSQ)/C UV PHR2+U2 R 2+U) 1 R42 )

- 333 WRITE 6,345 1,XCID,¥C0),2¢10,UX4  ,Uv4  UZ4 UM
. 1t ,CP
18=1S+50
- [P={P+50
"~ | PAGE= | PAGE+ 1

IF(K2-1S3350,325, 3220
= 350 J = J+
L 60 TO 294
3T FORMATOIGHS  QNHSET FLOM, UXI=,F6.3,2X, 4HWi= F6 . 2,2X,4HUZ21=,F6 30
340 FORMATC4H FT., 10X, 1HX, 9X, THY, GX, THZ, 13X, 2HUX, 8X, 2HUY, 8X, 2HUZ | 10X,
— t SHRES Y, A, ZRCF
245 FORMAT CIX,13,4x,2F 10 9,4, 3F10.5, {F12.5, IFi1.S>
400 CONTINUE
GO TO S000
300 COMTINUE
WRIiTE (6,310 ITAPE,BBR,BE
e 310 FORMAT <EHITAPE ,12,17H QUT QF POSSITIONS 114,656 1)
5000 CONTINUE
STOP 4
ENG

v
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APPEND!X U - XVZPF SECTION PFS

rs
.
»

PROGRAM PFPSCINPUT=128, OUTPUT=122, TAPEDS, TAPEGY,
1TRPES={NFUT, TRPEG=0UTPUT, TRPE3=TRFEQZ, TRFE4=TAPEQ4)

X¥Z POTENTIAL FLOW PROGRAM VERSION 4 SECTION 5
COMPUTES VELOCITIES AND PRESSURE COEFFICIENTS FOR
OFF EBJIDY POINTS

N ",
nOoOOoOo

- COMMON BC241), XPCSO0), YPCSOD )Y, ZPCS00 ), U1 (SO0 ) WS(220)
- 1, UV 1¢S00 ), U2 145000, UX2S00), UY2(500), V22500, UXECE00 5, W3 (S00)

2,U22¢500), UXCE), UV ), U2(8), S 1¢E50) S2CESHY, SX(ESI), U1(E), UZ(3),U3
- 3¢3) PROBCIS) | XNCESQY, YNCESTY, ZNCBS0 Y, TROESE Y, TXCESD)
- 4, TY(E50), TZCE50)
= EQUIVALENCE  CKM,WSC2110), KM, MK 3, (NP, MEC201 ), CBYH, WECZ 100
1,(¥2,¥2), X, HSC205)), (MY, HSCZ06 D), (MIZ, NS0T )
INTEGER PAGE
INTEGER SvH

S FORMAT(4QHOXYZ POTENTIAL FLOW PROGRAM ZSI7i0M S, UERZION 4
A WRITE (6,5
S t f. FESD INFUT
- RERDI(S, 25 NOBF, 'ECITS, JRERD
C fi. READ THE OFF EGQOY POINTS

. NOE=NOSF
2 00 10 1=1,N0B
[ READCS, 260  XPCI Y, YPCI Y, ZPCH )

'FO{EQFCSy EQ. 0. GG TO 10

HOEF= |- 1

WRITECG, Q) NOEF NOE
9 FORMATCIHD, 1S, 214 OFF BODY POINTS SPECIFIED NOT L1312
GO TO "

o 10 COMTINUE
B 11 CONT INUE
25 FORMAT( 214
. 26 FORMAT(3FIZ.5)
- P=1.
e ERD (02> (FROECLY, 1=1,15)
KRITE €6,90 (PROECT:, I=1,15)
] G0 FORMATC THO, 18A4
. WRITECE, 31> NOBP, IEDITS, IREAD
91 FORMATCEHONOEF =, i4 /SH IEDITS=, 14/8H IRERD =, 147
HRITECR, 327
- Qz FORMATCITHO OFF BODY POINTS /7 4 BT, 115, HY, 12X, 1HY, ‘2%, tHD)
- WRITECH, Q3> CH,XPCLD, YR, ZFOED, 1=, NOEF D
Q3 FORMATCIY, 13,2%,3F123.5)
- C E. PEAD THE PRARAMETERS, T ARRAY AND SOURCE FROM TAFE 31
_ READ 03> (HSCID), I=1,2200
READ (O3> (TXC) D, TV, TZ41 0, XNCHD, YNCE), ZHCT ), TROLD, 1=1 NP
FEARD (03 SKIF
. C
o C FORMERLY: WS(2200 EQ. 2.
e c
IFAWSC220y EQ. S, RERDCOZ)Y SKIP
- PEAC Q2> <5101, I=1,NPD
= RERAD ¢02)  <82¢1), I=1,NP)
’ FEAD <02 (S3C1), I=1,NFD
) c C. FEAD THE FIRST BLOCK OF THE B ARRAY
o FEAD (O4) (BCIY, 1=1,241)
‘% K=1
J=1
DO 100 '=1,NOEP
C D. SET THE PARTIAL VELOCITY TO THE FREE STRERM VELODCITY

F 109
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.:~'.: t
g
L)
UX1(19==1.0 ‘
UV )=0. R
UZ1<tH=0. N
UX2¢1)=0. S
YY2(1)=-1.0 vl
UX3C(1 =00 v

UY2(1H)=0.0 -
Uz22(1)=-1.0 <
100 Y22¢1)=0. o5
290 IFCRC1)-P 291,295,291 {4
28t WRITE (6,82) BC1),P e
98 FORMAT(2EHQ FOINTS OUT OF ORDER BC1)>=,1F4.0,4H Pz, 1F4.0) v,
STOF
C E. START LOOF QUER THE OUADS.
205 J=2 -7
c F1 PICK UF QUAD. INFORMATION :
296 X1=E(J) T
Y1=B(d+ 1) o
X2Z=B {422 ey
Y2=B(J+3) '
X3=BCJ+4 0 ,
X4=E( 45 B
Y4=E( 46 NI
XC=THCK ) ‘
YESTYCKD
20=TZKD
A O=THOS

XX=B( 47y o
VXSB(J+E) e
Zi=EC 4Gy =)

XY=Eod+ 10 s
YRR 11D e
ZV=BCd4120 -

» F2 COMPUTE LEMGTH OF SIDES OF QURD. .

D2FUL, XE,YY,Y2,0.,000 e
i2F (X2, X3,V2,¥3, .0, .00 "

DIF (X, x4,%3,v4, .0, .00
D4 1=S02ZF X4, 61, ¥4, Y1, .0, .00 SO

c F2 COMPUTE SLOFE OF SIDES e
IFC¥2-%3)305, 200, 205

300 Cl2z=1.

]

GO TO 310 e

20 CHI=CYI-YIIN2Z-XTE0 N
C123=0. Rt

10 IFCNE-274)315, 311,315 e

311 Cl34=1.
GOOTO 320 "

; 215 CHRA=(V4-Y3 3/ (X4-X3) -

» Ci34=0. R
g 320 IFCH4-X1)325, 321,325 "l
S 321 CI41=1. A
S G0 TQ 330 m.
J 32T CHMAI= =40 00 1-T40 .
*‘ o (R 1.=0 . .
;e 330 IF(X1-XZ 335,331,335 Rl
- 331 CHiz=1, -
. GO TG 340 O

. 325 CM12=(Y2-¥1)/(X2-X1) T
Cl1z=C.
F4 COMFUTE QURCRAFOLE MOMENTS
340 CIXX=E(J+17) e
CIxXy=E¢J+18) 5

-7 T T
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T Yy

XA

?l {..

'

Civy=B(J+1Q)>
FS COMPUTE SIN AND COS OF SLOPE ANGLE FOR EACH SIDE
CY12=(vY2-¥1)/D12
C¥23=(Y3-Y2>/023
CY34=(Y4-y2>/034
Cy41=(¥1-Y4) /D41
CX12=(X1-X2>/012
CX23=(X2-X3:/023
CX34={X2-X4>/024
CX41={X4-X1>/D4
F& COMFUTE MAx DIAGIHAL
ST=CQ2F(X1,X3,¥1,¥8,0.,0.)
STZ2=802F (X2, Y4, v2,v4, 0, 02
IF(ST-ST22341,242,342
341 ST=6T2
G. STARRT LOC® OUER THE OFF EBODY PRINTS
342 DO 935 JO=1,NOEF
fS=1
XCQ=XP{JG >
YCR=YFJas
2L0=2F 0
Ji=1
345 RPQ=302ZFOXT, XCQ, Y0 Y00, 2C 2000
H. DETERMIN METHOD
IF(RPO-ST*4 2350, 350,460
350 X=CXC0-X0 PR+ CYOD=YO PR+ (200-20 MZX
Y= (XCO=-X0 PR+ VEO-YO oYY+ (Z00-2C0 Y2y
Z=CXCO-LE F NGO+ CYCO-YT 3N I+ (Z2C0-20 3 ENKD
IF(RPO-ST*Z 50355, 355,400

. COMPUTE INDUSED VELOCITY BY EXACT METHOD

355 R1=S02FCX,X1,Y,%¥1,2.0.0

RZ=SN2FCX,X2,¥Y,v2,2,0.0
R3=S02F 0, X3,Y,¥2,2,0.0
F4=SNZF X, X4,Y ¥4 2 0.0
IFCCRISRZD.LE.D12Y GO TO 1002
IFCCR2+R2Y.LE.D22) GO TO 1000
IFCCRZ+R4 S LE D240 GO TO 1000
IFOCR1+R4 5 LE Dat> GO TGO 1000
CLAT=RLOGCCRI+RZ-D1Z2 2/ CR14R24DIZ 0
CLRZ=RLOGC(R24R3I-D23 3 f(RZ+R34D23 )

CLAS=ALLG (RZ+R4-D34 0/ (R2+R4+034 1)
CLRG=RLDGT (RGP 1-04 12 /(R4+B1+D4 1))

TUX=CY 1Z2¥CLRISCYZIRCLAZ+OY 24+ 0L A3+0YS 1¥CLAG
TUN=CXAZHCLAI+CNEZHCLAZH XS4 CLAZ+C XY {(+CLAY
Ti2=0,

iFCABS(Z 0= QO 1HST 2279, 251,

IEA 2E0=2RHZ '

E1=280+ (X=X 1 442

EZ=250+4¢X=X2y¥Z

E3=250+ (X-X3 »t+2

E4=2504 X =Xg p¥¥2

Hi=(Y= 10 0x-2113

Hz=C(Y=Y2 rr(x-2122

HI= (Y= (X=-X3

He={Y=Y4 3 {X~-X4?>

IFCCH 1202367, 252, 294

Wa=(CrIZ¥E =R ) /(SR L2

W32= CMIZHEZ-H2 X/ (2¥R2)

AT 1=ATANCWS 1)

RTZ2=ATRN{HSZ

TU2=AT 1-RTZ

364 IFCCI23)366,366,367
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RS AT bgs S cr AT

366
- 37
36

h 269
30
\‘.
s
‘.'.
’ 375
c
- 400
-
= S
ll C
45z
C
| 470
: 43
ba
. 421
A C
\:: 485
Cc
4385
N
[s'f
4

AT3=ATANC(CHMZIHFEZ-HZ ) f(ZHRZ D)
AT4=ATANC (CM23*EZ-HI ) /(2¥R2 D)
TUZ=TUZ+AT3- RT4
IF(C134>368,368, 363

: ﬁT5=HTHN((Cﬁ:4*E°-H”)J(Z*H3))

ATE=ATANY (CM34*E4-H4 >/ (Z*F4 1)
TUZ=TUZ+ATS-ATE
IFCCI41)370,370,375
AT?=ATANC (CM4 1*E4-H4 ) /{2*+F4))
ATS=RTAN: (CH4 1*E1-H1 D/ (Z*R 1D
TUZ=TUZ+AT?-ATS
GO TO 4S50

J. COMPUTE
RPO2=RPIE+3
RFO7=(FFO3¥%2 WRPD
WE 1= X/RFO2
XSO=XH*2
YIsyHey
250=24%2
PS=USOM2E0-4 XS0
E04230-4 w0
Lt ‘-g . *F +~.'“-I . *}\_;l_l i 'Fn_ ;-x’
W33=3 YRS /RFGT
WSa=72 #)X¥QT/RPOT?
KERRUS 1=CNSLSS-C OIS Z-C TYVHHEY
WS =Y /RPOR
yj" =i ku "xl X 25 O ’V"-O J‘r,Fﬂ
TUYSR el b0 M EE -0 WIS -0 VG2
TUZ=2HCRRFQ3-3 (O XIVFE=5 D LI+ YIS ) RFQT

INDLISED LELOCITY BY QURDRAFOLE METHOD

SO TS =TI+ TUYE XY+ TUZHNCE D

UYE 5 = TUORY Y+ TUYAY Y4 TUZNDK )
u*:'c:=*” ATUHTUSZYHTUZHZNCK )

60 TO 47
K CONPUTE IHDUSED VELDRITY B MONOPOLE HETH:D
ARFQ2=R S REOHFR )
UXCISd=  (XCO-XE WARFOR
UYE1E)=  (YLO-YC YWARFDS
UZoiSy=  (200-20 WARFDZ

IM FLAME OF SYHETRY
0,315,018

L REFLECT OFF BODY FOINT
G0 TOC48D, 485, 450, 495, 500, 505

Uiddi+y o= ‘J"L1)
U214 = 0D
o e 1=l 1)
(0 EOTR R VN B
UZ(J1+23=02¢1)
WS d1+20=UZ0 )
PFOSYM Y 925,525, 481
1&6=2

X2 SWMETRY
YCo=-4C0
D TO 345

S OIFCSYH=-10517,517, 466

Xy SUmETEY
15=3
2r==200
G TO 348
j&=4
YCO==YCC
GO TO 345
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A A AN AR AN et A iaiaral Ue Butafo il iatutnd n b Sad il el 7ol AaAnd A Andt Sl Al Vol Sl i B (B Are A i S uA D g S st setinnd JnA. SMCIAME LS L0 Bis setcemt me e e as oy

N
43S [F{SYM-2)516,516,4G96
I YZ SYMETRY
ey 496 [5=5
o XCa=-xcqQ
GO TO 345
. SO0 18=6

: YC0=-¥C0
GO TG 34%
505 15=7

VYCO=-\CO
m GO TO 24%
) M. ADD COMTRIBUTIONTS OF ALL REFLELCT HONE
SIS WA =101 0+ (8 N7 3R 200 (52
U2 1H=U0200 1 )0=UXCS O+ 7 0+ (B )=UXLT)
V2 1=2 0 1 =08 =W {7 D+ N (B DL (S )
1+ =010+ 1 -UY R 04UV C7 2+ UY (B =Y (S
NNST BB TIVATINEE BN NN S L AR AR LN NS 4 a2 S 4D
. W31+ 1=02 0 M1 00 2 N D A I (R -1 (S
i U2 0=U 0142 a=02 08 =02 7 04 U206 24U 205 0
ll‘zfd‘.bz )—U’ 'J1+"‘ "|+|l 8\ ll'"”'\#l l-"F.\ H"’E’ Y
ngd1+2)‘U°\|1+2'+U"§ﬂ?+’"i?)+“7f6'+uhf
: At =10 1)+ 4 5+
- I_)'? 4 |1 \—l ("’n’ |1 \+Uf (4 u-[l '
NI R I VTR BRIV € - RISV ESCH
UG+ 102U 114+ 1)+ T8 -V
U2+ 1 0=U2 000+ 1 00V (4 3N (
IO LR DT NCTEE R £ BT € 0 TN
H‘ J1+2 1—111‘ ,”4" Y= “-‘5'4 ;-Hz
V2D 0=V 20U 4 TN 3D
. LSO 1+2 =030 1+ 2 )20 5410203
W= 4002 )
V2o sz d 1 =-Uiz s
-~ UZCA =21 +UX (2D
(NARCARE R EVAYQURE A T ARG
U2CH+ 102020 3141 U (2 0
W30 i+ 1 =U3 1+ 1 0= 02
. G142 3= 10142 04 U202 )
- U2 t+20=02(d1+20-02020
i u3(41+25 2O 1+2 UT02)

(A ]

\_I’

un
o

-ﬂ nag;u,
NN

-J

. \'.

EnE -0

.. LYoy —l'
.t S IRENNE S [QRIVIPLNE 1 VL TR
VY O = 1O D+ 12 RS 1LY

UZ 10 =U 10D+ 12 35 1L
~— V200 :=UX20d0 402 (10%82¢L )
s 2D =t 20 10 202 2L )

22 IU a=UIZ 20 0 )20 3 0%

(1) X .
: ”V¢'d0)=UT3kJU‘+””'23*oeku)

- 220 d00=U220 IO 4202

S30 COMTINLE

. M. BND OF LOOF QUES OFF BODYV POINTS
585 P=F+1

(]

-~ K=+
JEd+20
o PRk -HF

. SO0 (Fid-241: ;
t 0. FRERD HETT EL“L OF B ARRRY IF HEECED
S0 REARD (Q4r  (BOVY I=1,241)

=z
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Dol aon o ghe e i o e e

B2 e 4

= IF¢BC1)-F 201,296, 291

c P. END OF LOOP OUER QURDS
- 599 CONTINUE
o PRGE = 1

IF (1EDITS EQ. 1> GO TO @25
) 601 FORMATCAH PT., 11X, THX, 12X, THY, 12X, 1HZ, 14X, ZHUX, 1130, ZHUV, 113, 2HUZ
i 1, 14X, 2HCP>
602 FORMAT(?H X FLOW)
603 FOEMAT(?H ¥ FLOW)
. 604 FORMATCPH 2 FLOWY
L 605 FORMATCIAT, 15A4, 10X, 1SHOFF BODY FOINTS |, 10X, SHFAGE |, 137
- IF (MiX.EQ.0) 6o TO 700
WRITECE EG0S) FROE, PRGE
n WRITE 6,632
X WRITE <6 601D
LINE=)
LAST=53
60A tF(NOBP-LRST YA07,610,610

607 LAST=NOEF
610 0CG 615 (=LINE,LRST
- 611 FORMATCIX, 113, 2%, 2F 13,5, 2, 3F 1 :.E X, F13.5)
' o Q. COMPUTE FRESSURE AND EDNT & EASIC FLOMS
CP =1, ~CUX 1< T D¥HZ4UY 1| IFETZ4UZ 10 t)**zl
€15 NRITE (6,611 L, XPLID, VRO, 2RI, UXTCN, U0 UZ 10 ), OF
. LINE=LAST+1
. LAST=L INE+54
b FASE=FAGE+ !
IFCLINE-NGEF G20 620 700
&30 WSITECE E0S) FRIE, PRGE
WRITE (5 BC13 '
GO Ta 605
, 0T F HI\.EZYCT ciali ety
= WRITECE £553 PRIE, PRGE
|| WEITE (F hnv»

HRITE (6,6&1)
LINE=1
LAST=55
TOB IFCNOBR-LAZT X707 710,710
TOT LAST=NHIEF
710 D0 715 i=LINE,LAST
|F'—‘| - HY"- | N% TN bk +U:;r | yE%Z)
IS HRITE (B ATy | XFOIY WROEY 2Py W2y UY2CY UZ261 )Y, CF2
LIME=LAZT+! ‘

- LAST=L | NE+54
- FROC=FRGE+

[ECLIHE-HIEF 720, T2, E00
L 720 WRITECE, 605> FROE,PRGE

WRITE (6, B0

5O TO 06
200 VF (MIZ ED DY G0 TO 225

HEITE(E, 605 FROE, PRGE

HRITE (6,604

WRITE (6 ,801)
. LINE=1
i LAST=SS
- 806 IFCNOEP-LAST DECT, 810, 817

807 LAST=HOEF

. 10 D0 215 t=LINE LAST
‘Y CRPI=1 = QURZO ] oH 24UV IO D Z4UZZ0 ] 4L )
t €15 URITE C&,611) 1, XPCLY YPCLY, 2P0 1) UXR0 1), UV LY 2301y, CF3
LiINE=LRET+1 R
LAST=L INE+54 RO
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S
PAGE=PAGE+ 1
- IF (L INE-NDBP )320, 820, 825
v 820 WRITE(E,E0S) PRCE, PAGE
- WRITE (6,601)
] GO TO 806

825 J =1
li €26 IF ¢JREAD.EQ.0> GO TO 827
- READ(S,26) UX4,Uvd uZ4
IF CEGF(S).NE. 0> GO TO 900
o 60 TO 822
. 827 UXd=WS(d)
Uvd = HS(I+20)
h UZ4 = WS40
e 828 CP=Ugh# 24UV 4%a 24124442
. {FCCF G800, 900, 830

)

F. COMPUTE FOURTH FLOW AMD EDQIT 1T

. U INESLAST+ 1
B LAST=L INC+54
PAGE=PRAGE+ 1
{F (L INE-NOEF Y650, €53, 860
€50 WRITECE,60S) FROE, FREE
WRITE (B 601
60 TO 835
f2e0 4 o= 4+

Q .. §30 LINE=1
o LAST=51
~ WRiTE6,60%) PROE,PAGE
£31 FORMATCIOHSONSET FLOW U =, F7.3/15X 4HUY =,
e IF? . 3/1S7,4HUZ = F7.2)
- WREITE CB,831) UX4, Uv4, U2d4
) FITE ¢6,601)
, £35 IF(NOBP-LASTEZ?, 840,240
- £37 LAZT=NUEF
5 #40 DO €45 (=L INE,LAST
UXF==UX4#UX 101 D-UNGRINZ T D-U24H 21 )
0 GO T 82
’ 1530 WRITELE, 1001) JC,L, XP(J0), YP(JO), ZFEJg)
‘P';‘!-'-'.'1‘.'5'.’,';‘-:_‘ L'A':A:‘:;L.‘ - A .r':

- UVF==UX4+UY 1C=URRUV2 L =UZ4%UYE LD
1001 FORMATCIBHOOFF RODOY POINT  ,13,23H ON BOUNDRRY OF GURD 13/

i UZF=~UXA#UZ 1C | d~UYdHUZZC | I-U24wUZ30 | 3
CRd= 1 —(UXPH+ZHUYPA2HUZF442 ) /OF
845 WRITE (6,611) |, XPCI), YFCE, ZFC1D, UNF, UWF, UZF, CP4
1 3H ¥=,F12.5,5%,2Hy=,F12.5, 5%, 2HZ= F 12 5>
G0 TO S50
00 CONTINUE

¢ S FRENIND TRFES AND STOP
- REWIND 03
REMIND 04
STOF 5
EMD

~

9 FUMCTIOM S02FOXT,%2,Y1,Y2,21,22)
= X=X 1-%2
Y=y
- 2=21-22
- (ST ZAYRH 4T RAD
: F=RBS C0O+RES (Y 4ABS(Z )+ 1 0E-20
Fi=Fi+RS 7
Ri= . 25*F+FS5 /R
a R= R+FS/F
: SOZF= | 25%R+RS/R
FETURN
ENO
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i= APPENDIX Ul ~ XYZPF SECTION PF6
N PROGRAM PFRHCINPUT=128, TAPE 16, QUTPUT=128, TAFECR, TRPEQY,
2 1 TAPES= INPUT, TRPE6=0UTPUT, TRPE3=TRPECS, TRFE4=TRFEQ4 )
C
. C XYz POTENTIAL FLOW PROGRAM VERSION 4 SECTION 6
Ii c COMPUTES VELOCITIES AND PRESSURE COEFFICIENTS FOR
. c OFF BODY STRERMLINES
c
o COMMON  XPC100),YPCI00 Y, ZPC 100, X 1100, NS¢ 220
o §LUN 01000, UZ 1100 ), UX27 100, W2 1000, UZ2¢ 100, UX21 1000, U¥a< 100)
= 2.UZ3¢100), UXC8 )Y, UY(B), UZ(E ), S 1(650, §2¢650), S2(650), U1(2), U2(3), U3
3(3> ,PROB(IS) ,XNCESO), YNCESO), ZNCESC), TXCESC)Y, TY(ES0 ), TZ(E50)
] 1,BC 120000, XTCI100), YTCI00 S, ZTCI00), APCS Y, GMI4 3, SKV (1007,
0y Sb-:tZt?1CIG>,SH)’.(1Lor|iD\\1Cl05 (L34 100\[3’r 1040, CRIa0D CJTRESD S
S EQUIVALENCE KM, MSCZ 1)), CKIM, MKD, (NP, WEC2012), (S WEC2100)
b 1,(¥Z,¥3)
b INTEGER Svit P
o C A. RERD INFUT
URITE (6,50
& FORMATCZ14,4F12.5)
£ FORMSTCIF1Z.5)
> S FORMATC4GHONYZ POTENTIAL FLOW PROGRANM SECTION €, VERSION 4 O
. 7 FORMAT C1X,9F12 5O
: 20 FORMATCIHY, 14, 31H STRERMLINES TO BE COMFUTED AT 14, 10H STEFS (F
o 1 ,F8.4,28H T FOR AN ONSET VELOCITY OF | 3F2 4
21 FORMATOIX, 1SHETARTING FOIHTSS, 30, ZHPT, SX, THX, 11X, 1HY, 11X, 1HZ
; 22 FORMATCIX, (4,3F12.5)
» RERD (0F) CPROECIY, 1=1,15)
{ NRITE (6,90) (PRISCI), I=1,15
G0 FORMATC KO, 15A4)
.. C E. FEAD THE PREAMETERS, T ARRAEY AMO SOURCE FRON TRAPE 21
Il FEAD 03> CNSOLY, 1=1,2200
BEACUGE S CTXCEY, TYCHY, T2, XNCED, WHCH 2, 2N L), TRUE D, 1=1, NP
READ (03> EXIP
- IF ¢ WS(2z0y EQ. 2. Y PERDCOZY SKIF
Ll FEAD O3  (S1CHD, 1=1,NP)
RERD (03 (S2010,1=1,NP)
RERD CO3»  <833C1), i=1,NF)
[ ] c C. RERD THE E RRRRY
- WZ = NF
WZ=iWZ+11.0)/12.0
NE = WZ
s = 2
F=241
O 12 1P = 1, NE
- READ (04> P, (B, I=15,1F)
15=15+240
12 IF=F+240
APCIY= 5
AP(ZY = .S
o AFC2Y = 1.
=~ FHE (4320
HF LS s
- GM(1> = 1. /6.
SRR GMezy = 1./2.
t GMi3Y = 1. J\J
. 93 PEAD ¢5,F) NOBP N3T, IEND, DT, Ux1, U U2!
I i DEORUY, 24U | #HZ 417 |4k
NOE=NOEF
: DO 10 1=1,N0B
: READICS, 83 XPCI), YR, 2PCED
: 11
| 1
T G S ST T S T Dt S A




[ oINS S RN A% A AN ANg Ny Bl Xt BN

'
i; IF (ECF¢5» .EQ. 0.) GO TO 10
NOBP=1-1
‘N WRITE(E,9> NOBP,NOB
5 Q FORMATCTHO, IS,  28H STRERMLINES SPECIFIED NOT ,13)
«* GO TO 11
10 CONTINUE
11 CONTINUE
Ii WRITECIEY NOBP,NST, IEND,UXI,UY|,UZ!
WRITECE,20> NOBF,NST,DT,UXI,UvI,U2I
WRITECE,21)
- WRITECE,22) (1, XPCIY,YPCEDY, 2RPCLD, |=1, NOBF
- c NOBF - NUMEER OF STREAMLINES TO BE TRACED.
C NST - NUMEER OF STATIONS AT WHICH STREAMLINES SHOULD BE COMPUTED.
- 00 15 1=1,NOEP
g XT<EY = XPCiD
o YTCIY = YPCLD
2TCLY = 2RSS
oo SKX(1 =0
o SKY(IY = @
- 15 SKZ¢1> = 0.
1TC=0
o IRK=5
. g8 K=1
] =1
. J=1
;f 00 100 {=1,NOBP
] c D. SET THE PRART!AL VELQC!TY TO THE FREE STREAM UELOC!ITY
UX1¢ld==1.0
- N1 =0,
- U211 =0,

WX2¢ ) a=0,
WZ ¢ d==1.0
o U3¢ =0.0
| W2E 1 =0,
U231 d=-1.0
100 U221 u=0.
E. STRRT LOOF OVER THE QUADS.
285 J=2
F1 PICK UF OUAGD. INFORMATION

n 296 X1=B(J)

’ Yi=ELd+ 1)
X2=E(J+2 )
NZ=E{Jd+3 s
X3={d+4)
X4=E(J+50
Y4=ECJ+6 )
YC=TH k0
YO=TY K
2C=TZCK)
A =TAK)
XY=BC 47D
WX=E(J+E Y
o 27=B (400
XN=ECI+ 100
YY=B{J+ 11D

L

D]

v Zy=B(+12)
' C 2 COMPUTE LENGTH OF SIDES OF QURD.
. D12=S02F (X1, X2,Y1,v2,0.,0 )
7 D23=C02F (X2, X3,Y2,Y3, .0, .
1 D24=SQ2F (X3, X4,43, ¥4, 0, O
D4 1=S02ZF (X4 X1,v4 %1, .0, .0
- c F3 COMPUTE SLOPE OF SIDES

IR

.-

-

3
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IF(X2-~X3>305,300,305
300 C123=1.
GO TC 310
305 CMZ3=(Y¥Y2-¥3)/(X2-X3)
C123=0.
310 IF(X3-X42315,311,315
311 Cl3d=i,
Gn 10 320
315 CM34=(¥4-Y3)/(X4-X3)
Ci234=0.
320 IF{X4-X1)325,321,325
321 Cid41=1,
GO TO 330
325 (M 1=(YI-Y4 /(X104
Ci41=0
330 IFCX1-X22335,331,335
331 Citz=1.
GO TO 340
335 CH1Z=YZ-Y1)H/(X2-Y1)
Ciiz2=C.
F4 COMPUTE QUADRAPCLE MOMENTS
260 CIXN=B{I+1T)
CIXY=B{Jd+ g
CiVY=BRCIH1GY
C FS COMPUTE SIN AHD COS OF SLOFE ANGLE FOR EAC
CY!"(Y?—V1)/D12
CY2a=0Ya-YZ 2 /023
C.u4—k“4 Y332/024
CYai=(Y =44 ) /09
CriZ=qX1-x2)/012
CX23=(X2-X3)/023
CX24=(X2-X4 /024
4 1=(X4-X1>,/041
L FA COMPUTE HRX DIAGINAL
ST=50ZF X1, X3,Y1,v2,0.,0.)
ST2=802F (X2,X4,¥2,¥4, .G, .00
y:rCT_c7’1~41 o4~ naa
41 §T=IT2

C R. CTHEI Lhur CGuUER THE OFF BODY POINTE

=z

r

J1=1
45 RRPO=SOSFONG DO VO NDR, 20, 200
cC H. DETERMIN METHﬂD

(FCRPO-ST#4 3350, 250,460
5‘='1L0 \C)”}I+-VCU VC)*”1+u:£U-LC\*“

- HN kl+'”uﬂ ”rl*”(\hJ+\:Q:~:C)*EH(K)

Qace AR 4C“ 1

§ u)....u D,
C ! ﬁO.FUTE !N“U_ED VELOCITY BY EYRIT METHOD
35 TN 2,00

Rz=3 _ZF'A )\ﬂ Y V; (. g
RI=SC2F (X, a?,“ V“ Z )
R4=SOZF O, X4 Y, V4 2,00
lLﬁf-HLDb~fP1+P“~W1°'/(P1+PJ+DI7\\
CLAZ=ALOG (R2+R3-0235 /(R2Z+R3+023))
CLRI=ALOGC(R3+R4-034 ) /CR3I+R44034 )
CLA4=RLOGC (R4+R1-04 1) /(R4+FR1+4D4 13D
TV 1Z%CLAIRCY I ZRCLAZ+0Y 24 #CLASHCY S 1RCLAY

118

S R
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{4

TUY=CX 1 2*CLA 14+CX2ZFCLAZ+CX34*CLASHCX4 1¥CLAY
TUZ2=0.

. JFCARSCZ )-. 00 1*%8T )375,361, 361
R 361 2S0=2++2

E 1260+ (X=X 1 Yhoh2

. E2=250+ (X-X2 YW*2

ﬁ ER=2C0+(X-X3 P42
E4=2C0+ (X-Y4 Y2

HI= (Y=Y 1 (X=X 1)

H2= (Y=Y2 YK (X-X2

" HI= (Y-YRPH(Y-Y2)

Ca Ha=(Y-44 Yk (X-X4 )
IFCCI12)363, 363, 264

» 363 WS 1=(CMIZFE1-H1) /(¥R 1)

i WS2=(CMI2¥EZ=H2 )/ (Z¥R2 )

; AT 1=ATAHINS 1)

) RTZ=ATANCNSZ )

S TUZ=AT 1-AT2

N b TFCCIZ30366, 366, 367
266 AT3=RATANC(CHM2IFEZ-H2 3 /(Z¥RL))
- AT4=ATANC(CM2IFEI-H3 3 (2HRE DD

TLUZ=TUZ+ATZ-RT4
IFCCI34 368 308 366

ATS=ATRNC (CMIIFEI-HI 3 /CZ*R3 )
: ETE=ATRACCOCMI4HES-HA ) F(2¥Fd )
- TUZ=TUZ+ATS-ATE

) )
D (]
o) -~J

363 IE(C1415370,270, 375

370 AT7=ATANC CCHA IHE4=H4 ) /C2HF4 D)
ATE=RTANC (CHA 1 ¥E 1=H 13 2(2%E 1)y
TUZ=TUZ+AT?-ATE

375 B0 TO 450

. C J. COMPUTE INDUSED VELOCITY EY QURDRARPOLE METHID
.' 400 PPJ3=REI¥*3
PROV=(RPIGF42 YFRP)

4
!

WS

N e u ]
e FiF o

. E0=XH¥2
~. YEO="re2
o

250=24 2
FE=VIi+Z50-4 . ¥X30

. C5=SC+2S0-4 *YE0

WS2=y* g *FS+30 *XEU ) /RFOY
LST=22 UkRC (FPOTD
Wad=3 w5 IRPOT
" TUL=RY WD I=0 A RS E-C DO S 2-C TS
- WI 1=y REDG
WESZ=+ (g AOS+3E0 %S00 /RPOT
~ TUY=ARUS 1=C XSS XYHIS4-C I Y HEZ
TUZ=ZH(HRRPC2-3 0 XXHPE=S DI XYY+ D (Y405 /RFGT)
450 UXCISHsTUIR X+ TUH N+ TUZRNCK )
UV O S s TUn A G+ TUYH Y TUZAYNUK D
S U2 E =T A Z X+ TIN R 24+ TUZ#2HK )
GG TG 4720
C ¥ COMPUTE INDUSED UELQCITY BY HONMOFOLE METHICD
4R0 ARFGZ=A/(RFOHE3D

N 150 (CO-XC ARFOZ
YOS (NOO-YC DRARFDZ
UZUiSi=  (2L0-TOERFOS

C L. REFLECT OFF &00Y POINT IN FLRANE OF SYHETRY
470 GO TOr4aD, 465,490,495, 500, 505,510,515, 15
t 420 Uidd =gty
U2Z0d10=ux (1)
TR I = N5 U I

el
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ii U1+ D=0 D
V2¢+1)=UY )
’y V3(J1+1)=Uv( 1)
o U 142)=U2Z¢ 1)
N U2¢I142)=02( 1)
U3(J142)=02¢ 1)
. IFCSYMY 525,525,481
' 481 18=2
c XZ SYMETRY
.o YCO=-YCQ
~h GO TO 345
Tt 485 {F(SYM~1)517,517,486
c XY SYMETRY
486 15=3
.\.‘ 2C0=-2C0
= GO TO 245
, 490 15=4
N YEO=-YCN
' GO TO 345
495 IF(SYM~2)516,516,4096
-~ C Y2 SYMETEY
« 445 {8=5
XCQ=-XC0
60 TG 345
. 500 18=6
. YEg=-Yid
- GO T 345
505 18=7
- 200=-2CC
GOTO 345
S10 15=6
) \VCO=-Y00
- GO TO 34%
" » M. AOD COMTRIBUTIONS 0F ALL REFLECTIOMS

ST U= R84 U7 UG 2+ UN(ED
U201 3=02 CU1D=-UKEE 540X T 9+UX 6 )-UX(E)
W20 =20 D = (T 0+ (B O+ (S
AT RE R DTN FRIAL A BEARRNE=DE e A € DN 4 N

U214 10=UZ 014 14UV OG0 7 24 UY (B D+UY(S

| UZCI T4 1 32U3 00 14 TV EE 2= UV 7 0+ (8 -UY (5 )
- PS4 202U 10 142 0-UR(E)-UZ (P I+UZLE 3+U2¢5) Jayn
' V2O #2204 204 UZ 08 D-UZCT e UZVE »-U2 (5D A
.. US‘(J1+2)=U?-(J1+2>+UZ(8)+U2(?.’)+U2(6.'J+UZ";'5> R
o S8 UTCI =10 S+UX (44U s
- 2010277 31 Y+, 4\-U(ra\ P

R, n\-,, i =y RN
'y U0+ 12U TC 14 1940V (4 -3

- UZCS T4 1D=UZCI T+ 1 34UV (4 14UV (3
- USC 14152030 14 1 5-Ly (4 3407 (3
“1(!1+;) Uivd1+Z »=-U2C4 )= U"&jv
AENERS: 21d1+4)-U¢x4-+”-'3v
o U\(11+&J-J5(J1+2)+U2f41+u P
‘ S17 V101201001020

V261 322001 3=UT 02

3 UZCI=URI 1 4Ux¢2)
w AT EES PEIRFNE NS BETNS-

UZCd T+ 10=020J 14 1)4UY(2)
) UITJ 1+ 15=U3 01+ 1 5= 02 )
E U420 10142540202
U202+ 2 5-12(2)
V3 I+20=03(M+20402(2)
SEE UL =N (T S (P
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i UV 1CO=UY 1A+ T2 RS IR
UZ 10 2=UZ 10U S 1(P)

e UX2(JdQ=UX2(JQr+U2C1*S2(P)
f: UY2 Q=20 U2 (2)H%S2(P)

U224JQ =22 (JQa+)2(a re&2(P )
UCR A p=UE0IAQ MUICLIREI(R
i UYRLJ0DI=UYIJ0 MUR 2 MEILP)
530 V23{J0 =230 4 U2 *SI(F)
c N. END OF LOOP OUER QOFF BODV POINTS
i 585 P=P+1
s K=K+1
0 J=4+20
IFCK-NP 296,296 Q0
n c P. END OF LOOP OVER QUARGS
- 599 H=AFP{IRK DT
T 02 720 | = 1,NOBF
63 FORMATCZX, 13,3F12.5,9X,4F12.5)
- DX == CUX U AU PRI O D+UIZ PRI )
- YT == NTAUNY IO UV TRUVZ L D+UZ THRUYRT) D))
T30 B 3= CUXTHRUZ 1 DU PRUZZ2CL DU (RG220 0D
IECIRKED & GO T QDO
IFCIRK . EQ. 4 GO TO 800
00 750 i=1,NOEBP
XPCOEI=NT O 040N () 4R
e VRO =YT O +DV I
‘: 2P x=ZT 1 +D2C 1 »*H
SEC L =50 R GMO TR DRI
SKHCEI=SEY O HGMOIRIO*DN D
TS SMZC =SR2 HGHOVRK D20 D
JRK = JRK + 1§
GO TO 92
200 H=DT
i DO 830 i=1,NCEF
DO = U AU 2l (Y20 | 342 R0 2
O L == QU ROV 10T DUV PR 20 D+ UZ TRV EC] 00

G2 == QU TRUZ T U IRUZ2 0 3HUZTRUZSC
g RO I=XT O] MHEDu O] 276 +SI0 PN

-- KTCH=PCL )

WP YT O] RN Y G+ 5] R
n NI VR
. PO I=ZTC] 0AHADZ D68 +SK2C] 4

-
o 900 1RK
00 905 1=1,NOEF
DS0=000 | PEa2D0 0 Db 2402 (| 442
. T2t a=q QR0 UIED
a 905 CONTINUE
WEITE R, 610 ITC
. 61 FORMATLGHD STEF, 1470
- URITE(E, 620
. 62 FORMATCRY $HLINE SX, 1HY 11X, THY, 11X IHT, 200, ZHUNX, 10X, ZHUY,

1 10X, ZHUZ , 100, ZHCF
. MRITECE, B30 (1, XPCEY,YPCIY, ZPCEy, DNCh Y 09 1), 02¢ 1), CFOl 3, 1=1,HOBP )
£ WEITEC 16D ¢ XPCLD, YRC), 201D, =1, HIED O
: (FOITC.EQ.NSTY GO TO Q10
ITC=1TC+1
o0 TO 999




At i e A e i S/ Sl el il sadlan iy ‘."';1‘5"31'31"’1_"&

k 910 IF(IEND.EQ.O ) GO TO €3
REWIND 03

- RENIND 04

o ENOFILE 16
REMIND 16
STOP 6

ENC
s FUNCTION SQ2F¢X1,X2,Y1,Y2,21,22)
X=X 1-X2
Y=y 1-y2
5 2=21-22
RS= ZRNQH YA D4 Yok 2
F=AETCY M+ABS(Y M4AES(Z 0+ 1. 0E-20
R=. 3422% (R4 (FS+RS /R
Fi= R+RS R
SO2F= . 2S*RHRS/R
RETURM

END

-
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"
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ié APPENDIX VIl — XYZPF SECTICN PF? —

R,

-~ PROGRAM PFP?(TAPE?, INPUT=128, QUTPUT=128, TRFES=INPUT, TAFE 17, .:ﬁ::

> 1TRPEG=0UTPUT , TRPEQ3, TAPEQ4, TRPE3=TARPECS, TRFE4=TAFEQ4 ) nAa

XYZ POTENTIAL FLOW PROGRAM UERSIGN 4 AND VERSION S SECTION 7 Eﬁ{:

COMPUTES VELOCITIES AND PRESSURE COEFFICIENTS FOR
0N BODY STREAMLINES

1

LA

‘’m| -
[p e NoR ol

COMMON XCB58 ), Y6583, 2(H58 ), XNCBSM Y, YN(HSO )
- 1, ZNCESOD, UXTCRS0DY, UY 14650, UZ 1(BS0 Y, UXZIES0 ), WW2LES
N 2,U22¢E50 ), UXI(B50 ), UV(650 ), UZ3(650 ), XL 1(6SE), YT 1(BSE )
3, XC2(HSS ), YC2(653), XCI(H65S), XC4(B5R), Y4 (E5E),
4X3ICBSE ), YICRSE), 230658 1, X4(658 ), Y4 (638 ), 24(6S&
N GIMEMSION XLO1S0) YLAIS0Y, 2LV, UX OIS0 LV IS0 U2 150,

- ICPCIS0Y, GR IS0, GR2C 1500, H2C 1500, STHLY 1502, URSS (150 NOURD 150
5, OMX (S0, FROBC15),VC3(E58),SF(5), XCR(S),VCRSY
PHESPCSO Y, WSC220) [ XST(S0 ), YST(50), 25T(50)

o EGUIURLENCE (WSC201), NP, (YC3,VTD)

) RERDCOZCPROBCE), 1=1,15)

READCOZOCMECTY, 121, 220)

ADCOZNCHCT D, VO3, Z0h 2, XNCE D, WNCE 3, 2N,

1SKIFP, i=1, NP
REan:
[WER =i{ZC22070

) WRITECE, S IVER

ol S FORMATC4EHINYZ FOTEMTIAL FLOW PROGRAM SECTION 7, VERZION 120
iF CIUER.ECQ . S> FREADIQS: SHUF

/l

+ B

1.

1=1,4F2
& S RIGCRRB W SBRUN S BRSBTS W 2
Il FERDUOZICUNICI D UV Y UZ20ED, 1=, NP)
REWIHD G2 e
. NE=CNP+ 113712 o
= 0o en 1=t NE -
- FH= %12 -
S=FN-11 R
] EEACICAY T, (T, WD, XC20YY,
WEZ4J D, HC3(I), XTACI), YL (D, X3, V30D,
223000, X400, YA, T, CSKIP K=1,2) J=|S IFN O S
HE=0 .
IFCNG L NE. 1S5 60 T3 450
&7 CONTINUE
FEWIND 04 RN
. 00 Qo I=1 NF e

DIZCXC (] DRA2HYC 1] W21 O

D2=(XC2C 1 PHZ4VC20 ] R4z %t O

(XT3CH PRAZAYCIC | A2 W D)

LA RIS I G L

o QU OMY ¢ 1)=RMAL1¢01,02,03,04) O

— 11 FOEneTo3F 12 4 314 F12.4) PR
12 FLAMATOIR 2 4, 140

MID=75 o

100 READCS, 112 UX1,Uy1, U1 NLIN, MR, INR ] TE  ANACH A

IF CEQFS)NE.O.) HUIN=O S

M J=MAY.S e

e IF ¢ MAY. LE O O MAYJ G6T MP/23 Maud = Hegl N
f t1NJ=t10-MRXY vlle

MAXJ=M 1 D4+MAXJ s

. IF (MAXS GT MID¥Z ) MAXJ=MI0*2 gi;‘
--':d:'

d 1 2 3 -:‘:-_ y
P o

e e . . e .
St e e T e T e e e N T e N e T e e e, - - e e e e e e e e
PE PRV SN PN S A P U S PN PR I S SR S R T ST, S R S oo S S Vi Ui S g T SN
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| AEH

IF CMIND LT 1) MINJ = |

WRITEC? > NLIN

WRITECI?)  NLIN,UXI,UVT,UZ!

N IFCNLIN.LE.O) GO TO SSQ

WRITECE,30) (PRORCID, 1=1,15)

: WRITECH,34) UX], U1, UZ1,NLIN, MXJ, TWR1TE, AMACH

SH 34 FORMAT(34HOON BODY STREAMLINES - INPUT DATA  /6H UXI =,F10.5/

16H UYI =,F10.5/6H UZl = F10.5/6H NLIN= 110/

2 64 JMAX=, 110, /,8H LIRITE=, 110, /,94 MACH NO=,F10.5)

~. WRITECE,38)

= 38 FORMATUZPHOSTREAMLINE STARTING POINTS/SH LINE, 11X, THX, 12X, 1HY,

112X, 1H2, 10X, 3HNEF )

LIN=HLIN

_ 00 45 i=1,LiN

" READCS, 12> XETCD LY
IF (EQF(S) ED 0> GO
NLIN=1-1
WEITECE, 42> NUIN LIN

42 FORNATCING, 18, 28K STREANLINES SPECIFIED NOT 130
FRCNLIN LE G GO TQ SS0
oo TG 4

L% 9

Dan g oan abos aa an am an o g i
' *

STCHY, 25T NEF 1)
T 4%

45 UELTECE 45 0 uCTory WETOPa ZTT (v NIE(|
- ERI AR JASTO S R & R
46 FORMATOIX 13, 2X, 3F13.5, 19>
. IR :

48 CONTINUE
USO=AN Ak Z 40 b 240 12 | ook
P (AMACH  ED O 5D TO 1130
Tty COMEUTE CRITICHLD MRIk NG
ush = 0
Ot 1100 1= NF
UGS = CUTRIRCTE ) U U DO el T

1 AP TO] S PRI Z O] DeUZ | 8
2 AR ANE R I A A

IF Us &7 ushy Ush = Uz
T100 COMTMgE
L= SORTLUSD U0
CHid = 1. pd
o110 1=, 2
CHHE = COCTMNAR245 275 k¥t 25024
Ol = (COOMMES 4T /0 My 25540
TIIS CMNA = COMMESCNT-CMNE»*2 2 POCHHAHCMNL -2 ¥ oME
WRITECE 11200 CHNA
1120 FORMARTCZIH CRITICAL MRCH N3, = F5. 20
1930 CONTINUE
o STRAET LOGP CUVER STRERMLUINES
Do qod L= Hoin
CiFT=1 '
101 Jdi=t
aF=1
s aih=g
IVOMID =0,
UZMiD=0,
CRaMiQ=C
Gf iy :J :’=": .
GKZMID =0
ST iniDo=0
102 NO=RSPLL D
LHND=HD
XM D=XaToLL )
YLoriDosyvsToLL o
2L DO=2STLL )

O
'\l

—'l‘
e,

.
.

f e vevrr
"‘.-I
Y XX

J=H10
.
B
124
A',' -g.._ . - T ) - - L.
S P Aj; o, e o et B e e o 2 P A N A P P T G T, a
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E JL=J
L SEPARATE CALCULATION OF SECOND
o (o PGINT FROM MAIN LOOP
. XLT=CXL (I O=XINQ ) PEXICNG 2+ YL I =Y ING D YTING »
- 1 + (2L CA=ZCND Y F2ZINDD
VET=CXL C =0 ONG RN G OND D+ (YL Ca =Y OND D R CNG
i 1 +(ZL{UI=-ZINQDI MHZ4IND D
XL d=XLTH*X3CNQI+YLTHRXGCNO M+ X (ND Y
VLA =00 TRYS NG 3 VLTHRYG CNG I+ VNG
ZLE=XLTHZICNQ I+YLTHZ4 (NQ M+ 2 CND D
o 105 107=MI0ENG, 4 + 1
wa G0 TO (B30,600,610,620> 10T
600 NR=MNT+1
SRRt
. GO TO 107
- 610 NO=NO+2
NiJ=NO-1
Go 7O 107
. £20 NR=NDO-2
i L=ND+ {
(R AR AN

L . X0 NE=NI-1
O NU=HO-2
L ahe BN

SOE= U MO TONG AU R 2 T S PR EING )
LN C== CUDCPRUY NG UV DRV ZOND 0 UZ TRV EING 2 )
b LIZ0== U E#UZ TN U PRUZZ (N MUZ ERUIZECND
b UYR== (PR T ONR DU U2 CHR D4UZ PRI SONR 1)
UR== LR TARUN TCHR 5+ U PRUY2CHR U2 TRUVSINR D
LZFR== U PV LONE 2L P RU2 2 ONF OHUZ ERUZZONR D
‘A LU== CURC U TN 2 TR O DAUZ THRUICNU 3 )
’ Ui'd== G U TONLEHUY PRV ZONU 4 UZ PHUYIONL D D
. VZUz= S PRUIZ VN U D RUT 2 MU UT TR IO Y
i- C TRESMETORM UELCCITIES TO QURD SYSTEM
. Uo=Lr CNC UV ITHD #2022 CND >
U0=UX0N G CNO DUV DY S CHT O+USEHRZS (NG D
CER=1 . 2NN pRINCNR D+ YH NG DRYHONR 9+ ZNONO YRZNINR 3 )
UT=Ur R 2R DHUYERY 2 ONR 2+ LUZR¥220NR D
UT= (LR X CHE D+ UIVERYG CNR ODHUIZRY 24 (NR Y 2 CER
CXZONR XN Y IR Y S CHO X423 CNR 23N »
PELZONO Y ONR ORI I CNE 2RI 0N0 )

VEBE ORI N Y ICNR YA CND 4 T ONE SRZAND ) )
WYRE  CLOHR I CHO S TR UG O D DN RZ4 GG
UREUTHV TR TR
ULISUXLU LG CHO D+ U LY S CNG 4+ LIZLRZ NG

foi= AT PR N YN ONU 34 ZNONG PFEN N
- UL WA CHG UYL NG S UIZUHZ4 (N D 3 /CEU
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b DEN=1. /{XRHRYU-XLRYR D
U= COUR-LID U= (UU-UI0 YR D *DEN
12==CCUR-LIQ U= (UU-UQ KR O*DEN
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: U2=- CCUR-ID U= (UU-UQ 2 XR 0EN
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m UZP=USL*Z3 (D HUSLAZ4 (N
o c FIND GEQDESIC CURURTURES GH1 GHZ
[ USOD=USLF# 24 (IS¢
s DEN=USOIFSORT(USI0 )

K 1P= (USLACUZLHI2-US #UZ =S¥ CUSLA 1~UELHU 1)) /DEN
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FOTF LE 1 feC TP OGE D Y 6B TM 118
TEZ(ET-TC 02 400 )
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112 IF (BC EO. 0 ) G0 TG 120
TR=CE (1o En

115 XNF=(1 =TF PFXCREN TR ECRING 17
YUNP=( 1 ~TE WYCR(N v+ TRAYCR L1+ 1)
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120 CONTINUE
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. CPUU =1 = CUX (U4 (U e 24 U2 0 ¥ 5 /US
URBS(II=SORT (Y -CFRCU )
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S FORMST{3SH PROBAELE ERRCR - LIME 1S VERY LONGO

C3=SORT(ZSA+ OLT-XCIC 2% 2 VLTV Y e
RC4 SORT(Z2S0+ CXLT=XC4 (| ) »*2+ (YLT-YC4 (| ) )¥*2)
TEST= (CRCI+RC2 ¥+25-0S81 *#1 .21
IFCTEST.LT.0.) GO TO 10%

TEST= ((RCZ+RCIMF*Z DS *1. 21
IFCTEST.LT.O.» GO TQ 105

TEST= {{BC3+RC4 »:A2)-0C3 *1.21

IFCTEST .LT.Q. > GO TO 10%
TEST= ((RC4+RC1)¥#2>-D54 *1. 21
IFCTEST.LT.O. > GO TO 109

=1+

IFCT.LE.NP)Y GO TO 250

IF (DIRT LT. 0.> GO TO 2&5

GiRT=-1.

di=-1

JMeEX=d

GC TO t0z

JHIN=J

SE=ETMLCIMIND

DO 220 J=JdMiH, JHMAX

STHL(J)=STH‘"J'-C‘

JHM=JM 1

JHX= MAY -2

RF=1.

L=.JiH

WRITEH ?D‘(PRDB(‘),1=1,15)

FQRr HTLle 15M4

WRITECE, 205405 1, UY 1, UZ ]

FORMAT. 18HT CNSET FLOM, UXI=,F6.3, 2%, 4HWW1=, FE.2, 2%, 4HUZ 1=, FE 30
WEITECR, S0 LL, NSPOLL 2, X5TCLL CLL 2, 25Tl >

FORMATC VAT LINE NG, ,12,31H PRSSING THROUGH COURCRILATERAL 13,

284 WITH STRRTING POINT,  Xs,F12.5,2X,2HY= F12.5,27,
2HZ= F12.5 /1)
{F I LE MINS OR. JMAY GE MARXY WRITEMR F

25y

DO 330 J=JMN, JHX

IF (g TthJ+“W--TML(L 195 LT, @ #(STMLAU+12-STHML (L)) GO TQ 220
WETECR, 310 YRR Y, VRO, ZLCL 2, XL A1 YL+ 1y S+ 1

FORMATO14H FOINT DELETED |, 10X, 37125, 10X, 3F12. 5-

STMLAL p=(REHCTHL (L 24ETMLISH I D /(RF+1 )
1LkL)—(HF*1L.L)+lL(J+1))/(HF+1.)

YLCL = AP*YLCL YL+ 100 /AF+ 1 D

:Lde_fa:+Z’f‘H+"_fl+‘\3‘fRF+1,}

L= CRF#UYCL 3+ U IR 1D I SCAR+ T
U“(L\“’H“*U'fL‘+U”fd+1)"fFF+1.)
UZCLI=CAFHIZCL MUZCI+ 10 0RS+1
G 1L 2= CRFHGE 1L 40K I+ 13 3 /{RF+ 1,
OGRZCLI=(RFHOH2 (L M0HZ L'*’\W'nHF+1
HZ (L D= (AR HHZ L HHZ(J+ 1D 0/ CAF+ 1.
LPﬂL;-1_-gUA¢L3*4'+ung\$*f+u7cL)**2)/u5Q
URESIL »=CORTC . =CFCL )

AF=RF+1.

GO TO ZE0
RF=1.

L=L+1

K=+
STHL L »=5THLCKD
XLA=XL (KD
YLCL=YLCKD
ZLCL=2L<KD
WXL =KD
UYCL 2=UY D




ah o

U2 =02

G 1L X =GK (KD

GK2<L)=06K2¢K)

H2<¢L )=H2(K)

CPCL »=CP (K>

UARBS(L )=URBS (K>
NQUAD L d>=NQUADCK)D

330 CONTINUE

=L+t

STML (L d=STML (JMAX >

XLCL =XLCUMAX Y

YL L =YL CIMARX )

2LCL=2L (MR

UX L =UXCIMAX >

U (L D=UY CUMAX D)

UZ L =UZ CINRi)

GK 1L =K 1 LIMAIOD

G2 (L d=0K20IMAX D

H2<L 3=HZCJMAX

CRCLI=CP (JIMRX D

URBZ (L O=URBS(MRYD

JMAN=L

NOLADIK AMAX =NAURTI(JIMAX- 1)
NOURDCIM N =NQURD CAM I N+ 13

FITECE,51)

S1 FORMATC4HG |, B, THX , 9X, tHY,
19X, 1HZ, 0GY, ZH‘I dl LHU ,8X, ﬁH“; 0Q
2LHCP. Ql 7Ht1. 3) LHK‘, €%, 2HRz, Sl LHEL,SX,1HU,QX,1HP)
\F 'HHQ’H EQL 0. ) GOoTC 1160
C ok DOMPUTE COMPRESSIBILITY CORRECTION

00 1150 J=diiN, JMAX

USD = (UX (AT (R ZHIZ { JD%42 ) VS0
uste = Ush

S = AMACH*+2

DO 1180 1=1,3

B o= (1.4, 2%8M%(1 -USDR))

IF (F .LT. .0OOD0YY R = 000001
VDT = USD/R#*+:.5

(1

Ro= (1.4 25001 =UE0B 1D
IF (R .LT. .0C2201>) R = Q000
USJC = USO/R##2.5
1143 USDA = (USDOMISOR-USDRA+2 )/ (USDL+USTR-2 RUSDE

Fo= (1.4 2¥EMECT -USDRD)
IF (R .LT. .000001> R = 00000
Fo= Fprky 25

edy = UxCd» /R
Wedds = UYCDI/R
UZCJd = U2 /R

UARES(J s = SORTIMSOA)
1150 CROJD = (R#42 8-1. /0 RS
150 CONTINUE

K=0
0O 53 t=IMIN, dMRx
E=k+1
S3 WRITECR, 600 K, XL, YLO), LY UXCE D UY O 2, UZ0d (TR0,
1 Gk ) Gk:<ll H2 f'),STNL<I),URSSf!3,HSUQS(!)

B0 FORMATC1X, 13,3F 10.5, 1X,3F 10,5, 13,6F 10.5, 1)
8 FORMATCIF12.5)
WRITECI?S K, LK, YLOTD, 2O, NOURDICE Y, I=dMiN, A
(WRITE LE. @ -- WRITE SL,V H2,K2
IWFITE GE. 2 -- WRITE X, v, 2,CF

IWRITE EO. 1 -- NRITE SL v Hz,K’ RAMNO XY, 2,CF
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IF CIWRITE.GT. 1> GO TO 340

WRITEC?) K, ¢STMLCEY,URRSCT), H2C)Y,GK201 ), I=dMIN, JMARX >
IF CIWRITE.LT. 1> GO TQ 400

URITECTY K, OXLCE),YLC1),2LCH),CRCOEDY, I=JMIN, JMRY)
GO TC 400

WRITECS,20> NSPCLL?

WRITE(G,65>

GO TO 282

CONTINUE

GO T2 100

RERD MEXT SET OF STREAMLINES

WURITECE,4S1X1S MO

FORMATC(14H TAPE 04 ERROR, 214>

ENDFILE 7

REWIND ?

ENDFILE 17

REMIND 17

REWIND 04

STOR 7

ENG
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APPENDIX Ulll — TRIAXIAL ELLIPSOLID INPUT FILE

7. SAMPLE PROZLEM TRIAXIAL ELLIPSCID

[ o 260 S 150 150 150 3 .00GO1 O G ¢ 0 .000 500 @
p 1.00000 Rusuy . 00000 00Qon
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.000GU

00000

.an7eq .00000 . 20960
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21583 .00000 .34914
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SR R WY I PSR N .t
ey =N =N === =N == R = k=R ==
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1 1
1 1
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b 62473 Q0020 39040 1 1 . 00000
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=S 44721 .000Q0 .44721 1 1 Q000
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20000 2 £ 1 o RUBEA
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2 10 1 o
A 1 C
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32105 4 9 i 0 Q000
292t . 4 10 1 ¢ LQQoQ0
23424 . .48027 4 11 1 Q Ruivninil
AETTS . 30000 A48M1e 4 12 1t Nulusisia
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